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Description 

[0001] This invention relates to diagnostic and/or therapeutically active agents, more particularly to diagnostic and/or 
therapeutically active agents incorporating moieties having affinity for sites and/or structures within the body so that 

5 diagnostic imaging and/or therapy of particular locations within the body may be enhanced. Of particular interest are 
diagnostic agents for use in ultrasound imaging, which are hereinafter referred to as targeted ultrasound contrast agents. 
[0002] It is well known that ultrasonic imaging comprises a potentially valuable diagnostic tool, for example in studies 
of the vascular system, particularly in cardiography, and of tissue microvasculature. A variety of contrast agents has 
been proposed to enhance the acoustic images so obtained, including suspensions of solid particles, emulsified liquid 

to droplets, gas bubbles and encapsulated gases or liquids. It is generally accepted that low density contrast agents which 
are easily compressible are particularly efficient in terms of the acoustic backscatter they generate, and considerable 
interest has therefore been shown in the preparation of gas-containing and gas-generating systems. 
[0003] Gas-containing contrast media are also known to be effective in magnetic resonance (MR) imaging, e.g. as 
susceptibility contrast agents which will act to reduce MR signal intensity. Oxygen-containing contrast media also rep- 

15 resent potentially useful paramagnetic MR contrast agents. 

[0004] Furthermore, in the field of x-ray imaging it has been observed that gases such as carbon dioxide may be used 
as negative oral contrast agents or intravascular contrast agents. 

[0005] The use of radioactive gases, e.g. radioactive isotopes of inert gases such as xenon, has also been proposed 
in scintigraphy, for example for blood pool imaging. 
20 [0006] Targeted ultrasound contrast agents may be regarded as comprising (i) a reporter moiety capable of interacting 
with ultrasound irradiation to generate a detectable signal; (ii) one or more vectors having affinity for particular target 
sites and/or structures within the body, e.g. for specific cells or areas of pathology; and (iii) one or more linkers connecting 
said reporter and vector(s), in the event that these are not directly joined. 

[0007] The molecules and/or structure to which the contrast agent is intended to bind will hereinafter be referred to 
25 as the target. In order to obtain specific imaging of a selected region/structure in the body the target must be present 
and available in this region/structure. Ideally it will be expressed only in the region of interest, but usually will also be 
present at other locations in the body, creating possible background problems. The target may either be a defined 
molecular species (i.e. a target molecule) or an unknown molecule or more complex structure (i.e. a target structure) 
which is present in the area to be imaged, and is able to bind specifically or selectively to a given vector molecule. 
30 [0008] The vector is attached to the reporter moiety in order to bind these moieties to the region/structure to be imaged. 
The vector may bind specifically to a chosen target, or it may bind only selectively, having affinty also for a limited number 
of other molecules/structures, again creating possible background problems. 

[0009] There is a limited body of prior art relating to targeted ultrasound contrast agents. Thus, for example, US-A- 
5531980 is directed to systems in which the reporter comprises an aqueous suspension of air or gas microbubbles 

35 stabilised by one or more film-forming surfactants present at least partially in lamellar or laminar form, said surfactant 
(s) being bound to one or more vectors comprising "bioactive species designed for specific targeting purposes". It is 
stated that the microbubbles are not directly encapsulated by surfactant material but rather that this is incorporated in 
liquid-filled liposomes which stabilise the microbubbles. It will be appreciated that lamellar or laminar surfactant material 
such as phospholipids present in such liposomes will inevitably be present in the form of one or more lipid bilayers with 

40 the lipophilic tails "back-to-back" and the hydrophilic heads both inside and outside (see e.g. Schneider, M. on "Liposomes 
as drug carriers: 10 years of research" in Drug targeting, Nyon, Switzerland, 3-5 October 1984, Buri, P. and Gumma, 
A. (Ed), Elsevier, Amsterdam 1984). 

[001 0] EP-A-0727225 describes targeted ultrasound contrast agents in which the reporter comprises achemical having 
a sufficient vapour pressure such that a proportion of it is a gas at the body temperature of the subject. This chemical 

45 is associated with a surfactant or albumin carrier which includes a protein-, peptide- or carbohydrate-based cell adhesion 
molecule ligand as vector. The receptor moieties in such contrast agents correspond to the phase shift colloid systems 
described in WO-A-941 6739; it is now recognised that administration of such phase shift colloids may lead to generation 
of microbubbles which grow uncontrollably, possibly to the extent where they cause potentially dangerous embolisation 
of, for example, the myocardial vasculature and brain (see e.g. Schwarz, Advances in Echo-Contrast [1994 (3)], pp 48-49). 

50 [0011] WO-A-9320802 proposes that tissue-specific ultrasonic image enhancement may be achieved using acousti- 
cally reflective oligolamellar liposomes conjugated to tissue-specific ligands such as antibodies, peptides, lectins etc. 
The liposomes are deliberately chosen to be devoid of gas and so will not have the advantageous echogenic properties 
of gas-based ultrasound contrast agents. Further references to this technology, e.g. in targeting to fibrin, thrombi and 
atherosclerotic areas are found in publications by Alkanonyuksel, H. et al. in J. Pharm. Sci. (1996) 85(5), 486-490; J. 

55 Am. Coil. Cardiol. (1996) 27(2) Suppl A, 298A; and Circulation, 68 Sci. Sessions, Anaheim 13-16 November 1995. 
[001 2] There is also a number of publications concerning ultrasound contrast agents which refer in passing to possible 
use of monoclonal antibodies as vectors without giving significant practical detail and/or to reporters comprising materials 
which may be taken up by the reticuloendothelial system and thereby permit image enhancement of organs such as the 
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liver - see, for example WO-A-9300933, WO-A-9401 140, WO-A-9408627, WO-A-9428874, US-A-5088499, US-A- 
5348016 and US-A-5469854. In general these prior art targeted contrast agents are intended to enhance contrast at 
specific sites in the body, for example tumour cells, by using one vector to bind strongly to one target, in order to achieve 
concentration at the target cells. In contrast to this principle of using one vector to bind with high affinity to one target, 

5 the present invention is based in part on the finding that diagnostic and/or therapeutically active agents with more 
favourable properties may be obtained by use of multiple kinds of vector-target interactions (e.g. involving agents as- 
sociated with a plurality of different vectors and/or with more than one vectors having affinity for different targets on the 
same or different cell types). In this way, binding of gas-containing and gas-generating diagnostic and/or therapeutic 
agents may, for example, be obtained by forming multiple binding pairs between one vector with specificity for more 

to than one receptor or between more than one vector with affinity for one or more types of target, with either low or high 
affinities. Such multiple binding of the vector- conjugated agent to one or more target molecules/structures may result in 
advantageous targeting properties, for example by enhancing target specificity and/or by distinguishing interactions at 
a desired target area from background interactions with lower levels of molecules/structures similar to target expressed 
elsewhere in the body. 

15 [0013] It is well known to use one vector binding with high affinity to one target. The present invention, however, is 
based on the finding that the desired binding of gas-containing and gas -generating diagnostic and/or therapeutic agents 
may be obtained by forming multiple binding pairs with low affinity between one type of vector and one type of target, 
or by forming multiple binding pairs between one or more types of vectors and one or more types of target, with either 
low or high affinities. Thus multiple binding of the vector conjugated agent to one or more target molecules/structures 

20 may have advantageous targeting properties, for example in enhancing target specificity and/or in distinguishing inter- 
actions at a desired target area from background interactions with lower levels of molecules/structures similar to target 
expressed elsewhere in the body. 

[0014] Thus according to one aspect of the present invention there is provided a targetable diagnostic and/or thera- 
peutically active agent, e.g. an ultrasound contrast agent, comprising a suspension in an aqueous carrier liquid, e.g. an 

25 injectable carrier liquid, of a reporter comprising gas-containing or gas-generating material, said reporter being conjugated 
to more than one vector, the vectors having affinity for different targets on the same or different cell types. 
[0015] One advantageous embodiment of the invention is based on the additional finding that limited adhesion to 
targets is a highly useful property of diagnostic and/or therapeutically active agents, which property may be achieved 
using vectors giving temporary retention rather than fixed adhesion to a target. Thus such agents, rather than being 

30 fixedly retained at specific sites, may for example effectively exhibit a form of retarded flow along the vascular endothelium 
by virtue of their transient interactions with endothelial cells. Such agents may thus become concentrated on the walls 
of blood vessels, in the case of ultrasound contrast agents providing enhanced echogenicity thereof relative to the bulk 
of the bloodstream, which is devoid of anatomical features. They therefore may permit enhanced imaging of the capillary 
system, including the microvasculature, and so may facilitate distinction between normal and inadequately perfused 

35 tissue, e.g. in the heart, and may also be useful in visualising structures such as Kupffer cells, thrombi and atherosclerotic 
lesions or for visualising neo-vascularized and inflamed tissue areas. The present invention is well suited to imaging 
changes occurring in normal blood vessels which are situated in areas of tissue necrosis. 

[0016] It will be appreciated that binding affinities are dependent on numbers of interactions as well as their strength. 
The density of vector molecules at the surface of the reporter units may therefore be selected so as appropriately to 

40 adjust the degree of interactions between particular agents and targets. 

[0017] The term multiple-specificity is also used to describe an injectable carrier liquid, of gas-containing or gas- 
generating material composed of more than one vectors with a specificity for one or more cellular surface receptors 
while at the same time comprising a second element with specificity for a substrate or receptor system binding to which 
induces a therapeutic response. Thus included within the scope of the present invention are multiple-specific imaging 

45 agents comprising targeting vectors, such as the anti-fibrin antibody described by Lanza et al. (Circulation, (1996) 94 
(12),pp 3334), annexin V atherosclerotic plaque binding peptides such as YRALVDTLK, or any other vectors known to 
associate with fibrin clots, in combination with a drug or enzyme with fibrinolytic activity such as streptokinase, plas- 
minogen activator (tPA), urokinase (uPA) or prourokinase (scuPA) resulting in a localised therapeutic antithrombotic 
effect. This invention is also extended to include vectors with increased specificity for tumour cells in combination with 

50 vectors or drug molecules functioning as chemotherapeutic agents capable of inhibiting tumour growth. 

[0018] It is well known that many, if not all, target molecules are not expressed exclusively at target sites; a common 
situation is that such molecules are over-expressed by target cells or at a target structure but are also expressed at 
lower levels elsewhere in the body. The use of reporters carrying a multiplicity of vectors with relatively low affinity for 
the target may be advantageous in this situation, since the reporter will then tend to concentrate in regions of high target 

55 density which permit multiple (and therefore strong) binding to the reporter (e.g. a gas-containing agent incorporating 
the vectors folic acid and glutathione for multiple-specific binding to folic acid receptors and glutathione-S-trasferase 
receptors respectively which are over-expressed as tumour cells). Areas of low target density, on the other hand, will 
not provide sufficient interaction with such low affinity vectors to bind the target. In such embodiments of the invention, 
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low affinity vectors maybe regarded as having an association constant K a for interaction with a target molecule or structure 
of less than 1 0 8 M~ 1 , e.g. less than 1 0 7 M~ 1 , preferably less than 1 0 6 M~ 1 . A further embodiment of this invention is thus 
based on the finding that the desired binding of gas-containing and gas-generating diagnostic and/or therapeutic agents 
may be obtained by forming binding pairs with low affinity between more than one type of vector and one or more type 
5 of target. Multiple vectors may therfore be used to increase specificity, so that the reporter will bind only to target cells 
or structures expressing a particular combination of target molecules. 

[0019] It may also be useful to select a plurality of vectors which bind to different parts, e.g. epitopes, of a target 
structure in order to give increased binding strength. This may be particularly advantageous when the target density is low. 
[0020] Products comprising two or more vectors with different specificities, i.e. which bind to different target molecules 
to on different cells, may advantageously be used as "general purpose" agents for detection of a range of diseases, e.g. 
different forms of cancer. Thus, for example, the use of such agents may enable detection of metastases, which are 
often heterogeneous with respect to expression of target molecules (i.e. antigens). 

[0021] Within the context of the present invention, the reporter unit will usually remain attached to the vectors. In 
another type of targeting procedure, sometimes called pre-targeting, the vector (often, a monoclonal antibody) is ad- 

15 ministered alone; subsequently, the reporter is administered, coupled to a moiety which is capable of specifically binding 
the vector molecule (when the vector is an antibody, the reporter may be coupled to an immunoglobulin-binding molecule, 
such as protein A or an anti-immunoglobulin antibody). An advantage of this protocol is that time may be allowed for 
elimination of the vector molecules that do not bind their targets, substantially reducing the background problems that 
are connected with the presence of an excess of reporter-vector conjugate. Within the context of the present invention, 

20 pre-targeting with one specific vector might be envisaged, followed by reporter units that are coupled to other vectors 
and a moiety which binds the first vector. 

[0022] Within the context of the present invention, in some cases and in particular for the assessment of blood perfusion 
rates in defined areas, for example in myocardium, it is of interest to measure the rate at which ultrasound contrast 
agents bound to the target are displaced or released from the target. This can be achieved in a controlled fashion by 

25 subsequent administration of a vector or other agent able to displace or release the contrast agent from the target. 

[0023] Vectors useful in accordance with the invention include ligands for cell adhesion proteins, as well as cell 
adhesion proteins themselves where these have corresponding ligands on endothelial cell surfaces. Examples of cell 
adhesion proteins include integrins, most of which bind the Arg-Gly-Asp (RGD) amino acid sequence. If desired, the 
vectors may be targeted to specific cell adhesion proteins expressed mainly on activated endothelial cells such as are 

30 found at or close to sites of inflammation or other pathological responses. Other vectors which may be used include 
proteins and peptides that bind to cell-surface proteoglycans, which are complexes of proteins and sulphated polysac- 
carides found on most cells, including endothelial cells. Such proteoglycans contribute to the negative surface charge 
of all nucleated cells from vertebrate animals; this charge may also be exploited in accordance with the invention by 
using positively charged vectors , e.g. comprising cationic lipids, which will interact electrostatically with the endothelial 

35 surface. 

[0024] A further aspect of the present invention is for example where vectors are attached to the reporter or included 
non-covalently into the reporter in a manner where the said vectors are not readily exposed to the targets or receptors. 
Increased tissue specificity may therefore be achieved by applying an additional process to expose the vectors, e.g. the 
agent is exposed after administration to external ultrasound to change the diffusibility of the moieties containing the 
40 vectors. 

[0025] The reporter may be in anyconvenientform, for example being any appropriate gas-containing or gas-generating 
ultrasound contrast agent formulation. Representative examples of such formulations include microbubbles of gas sta- 
bilised (e.g. at least partially encapsulated) by a coalescence-resistant surface membrane (for example gelatin, e.g. as 
described in WO-A-8002365), a filmogenic protein (for example an albumin such as human serum albumin, e.g. as 

45 described in US-A-471 8433, US-A-4774958, US-A-4844882, EP-A-0359246, WO-A-91 1 2823, WO-A-9205806, WO-A- 
9217213, WO-A-9406477 or WO-A-9501 187), a polymer material (for example a synthetic biodegradable polymer as 
described in EP-A-0398935, an elastic interfacial synthetic polymer membrane as described in EP-A-0458745, a micro- 
particulate biodegradable polyaldehyde as described in EP-A-0441 468, a microparticulate N-dicarboxylic acid derivative 
of a polyamino acid - polycyclic imide as described in EP-A-0458079, or a biodegradable polymer as described in WO- 

50 A-931 771 8 or WO-A-9607434), a non-polymeric and non-polymerisable wall-forming material (for example as described 
in WO-A-9521631), or a surfactant (for example a polyoxyethylene-polyoxypropylene block copolymer surfactant such 
as a Pluronic, a polymer surfactant as described in WO-A-950651 8, or a film-forming surfactant such as a phospholipid, 
e.g. as described in WO-A-921 1 873, WO-A-921 7212, WO-A-9222247, WO-A-9428780 or WO-A-9503835). 
[0026] Other useful gas-containing contrast agent formulations include gas-containing solid systems, for example 

55 microparticles (especially aggregates of microparticles) having gas contained therewithin or otherwise associated there- 
with (for example being adsorbed on the surface thereof and/or contained within voids, cavities or pores therein, e.g. as 
described in EP-A-01 22624, EP-A-01 23235, EP-A-0365467, WO-A-9221 382, WO-A-9300930, WO-A-931 3802, WO- 
A-931 3808 or WO-A-931 3809). It will be appreciated that the echogenicity of such microparticulate contrast agents may 
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derive directly from the contained/ associated gas and/or from gas (e.g. microbubbles) liberated from the solid material 
(e.g. upon dissolution of the microparticulate structure). 

[0027] Gas microbubbles and other gas-containing materials such as microparticles preferably have an initial average 
size not exceeding 10 lutm (e.g. of 7 lutm or less) in order to permit their free passage through the pulmonary system 
following administration, e.g. by intravenous injection. 

[0028] Where phospholipid-containing compositions are employed in accordance with the invention, e.g. in the form 
of phospholipid-stabilised gas microbubbles, representative examples of useful phospholipids include lecithins (i.e. 
phosphatidylcholines), for example natural lecithins such as egg yolk lecithin or soya bean lecithin and synthetic or 
semisynthetic lecithins such as dimyristoylphosphatidylcholine, dipalmitoylphosphatidylcholine or distearoylphosphati- 
dylcholine; phosphatidic acids; phosphatidylethanolamines; phosphatidylserines; phosphatidylglycerols; phosphatidyli- 
nositols; cardiolipins; sphingomyelins; fluorinated analogues of any of the foregoing; mixtures of any of the foregoing 
and mixtures with other lipids such as cholesterol. The use of phospholipids predominantly (e.g. at least 75%) comprising 
molecules individually bearing net overall charge, e.g. negative charge, for example as in naturally occurring (e.g. soya 
bean or egg yolk derived), semisynthetic (e.g. partially or fully hydrogenated) and synthetic phosphatidylserines, phos- 
phatidylglycerols, phosphatidylinositols, phosphatidic acids and/or cardiolipins, may be particularly advantageous. 
[0029] Other exemplary lipids which may be used to prepare gas-containing contrast agents include fatty acids, stearic 
acid, palmitic acid, 2-n-hexadecylstearic acid, oleic acid and other acid containing lipid structures. These lipid structures 
are considered particularly interesting when coupled by amide bond formation to amino acids containing one or more 
amino groups. The resulting lipid modified amino acids (e.g. dipalmitoyllysine, distearoyl-2,3-diaminopropionic acid) are 
considered useful precursors for the attachment of functionalised spacer elements featuring coupling sites for conjugation 
of one or more vector molecules. 

[0030] A further extension of this invention relates to the synthesis of lipopeptide structures comprising a lipid reporter 
attached to a linker portion (e.g. PEG, polyamino acid, alkylhalide etc) the said linker being suitably functionalised for 
coupling to one or more vector molecules. A particular preference is the inclusion of a positively charged linker element 
(eg. two or more lysine residues) for anchoring of the reporter element in the microbubble through electrostatic interaction 
with the negatively charged membrane. Multiple-specific targeting is achievable by mixing and 'doping' of phospholipid 
gas-containing structures with one or more targeted lipopeptide sequences. Multiple-specificity can also be achieved 
by assembling more than one vector on a branched lysine core structure such as those described by Tarn et. al. (Proc. 
Natl. Acad. Sci. USA, 1989, 86, 9084) or by incorporating multiple vectors in a linear sequence. Multiple-specificity can 
also be achieved using lipopeptides or phospholipids comprising combinatorial libraries synthesised by chemical syn- 
thesis as described by Lowe (Combinatorial Chemistry, Chemical Society Reviews, 1995, 309-317). 
[0031] Also within the scope of this invention are functionalised microbubbles carrying one or more reactive groups 
for non-specific reaction with receptor molecules located on cell surfaces. Microbubbles comprising a thiol moiety, for 
example, can bind to cell surface receptors via disulphide exchange reactions. The reversible nature of this covalent 
bond means that bubble flow can be controlled by altering the redox environment. Similarly 'activated' microbubbles of 
membranes comprising active esters such as N-hydroxysuccinimide esters can be used to modify amino groups found 
on a multiplicity of cell surface molecules. 

[0032] Representative examples of gas-containing microparticulate materials which may be useful in accordance with 
the invention include carbohydrates (for example hexoses such as glucose, fructose or galactose; disaccharides such 
as sucrose, lactose or maltose; pentoses such as arabinose, xylose or ribose; a-, p- and y-cyclodextrins; polysaccharides 
such as starch, hydroxyethyl starch, amylose, amylopectin, glycogen, inulin, pulullan, dextran, carboxymethyl dextran, 
dextran phosphate, ketodextran, aminoethyldextran, alginates, chitin, chitosan, hyaluronic acid or heparin; and sugar 
alcohols, including alditols such as mannitol or sorbitol), inorganic salts (e.g. sodium chloride), organic salts (e.g. sodium 
citrate, sodium acetate or sodium tartrate), X-ray contrast agents (e.g. any of the commercially available carboxylic acid 
and non-ionic amide contrast agents typically containing at least one 2,4,6-triiodophenyl group having substituents such 
as carboxyl, carbamoyl, N-alkylcarbamoyl, N-hydroxyalkylcarbamoyl, acylamino, N-alkylacylamino or acylaminomethyl 
at the 3- and/or 5-positions, as in metrizoic acid, diatrizoic acid, iothalamic acid, ioxaglic acid, iohexol, iopentol, iopamidol, 
iodixanol, iopromide, metrizamide, iodipamide, meglumine iodipamide, meglumine acetrizoate and meglumine diatri- 
zoate), and polypeptides and proteins (e.g. gelatin or albumin such as human serum albumin). 

[0033] Any biocompatible gas may be present in the reporter of contrast agents according to the invention, the term 
"gas" as used herein including any substances (including mixtures) substantially or completely in gaseous (including 
vapour) form at the normal human body temperature of 37 °C. The gas may thus, for example, comprise air; nitrogen; 
oxygen; carbon dioxide; hydrogen; an inert gas such as helium, argon, xenon or krypton; a sulphur fluoride such as 
sulphur hexafluoride, disulphur decafluoride or trifluoromethylsulphur pentafluoride; selenium hexafluoride; an optionally 
halogenated silane such as methylsilane or dimethylsilane; a low molecular weight hydrocarbon (e.g. containing up to 
7 carbon atoms), for example an alkane such as methane, ethane, a propane, a butane or a pentane, a cycloalkane 
such as cyclopropane, cyclobutane or cyclopentane, an alkene such as ethylene, propene, propadiene or a butene, or 
an alkyne such as acetylene or propyne; an ether such as dimethyl ether; a ketone; an ester; a halogenated low molecular 
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weight hydrocarbon (e.g. containing up to 7 carbon atoms); or a mixture of any of the foregoing. Advantageously at least 
some of the halogen atoms in halogenated gases are fluorine atoms; thus biocompatible halogenated hydrocarbon 
gases may, for example, be selected from bromochlorodifluoromethane, chlorodifluoromethane, dichlorodifluorometh- 
ane, bromotrifluoromethane, chlorotrifluoromethane, chloropentafluoroethane, dichlorotetrafluoroethane, chlorotrifluor- 

5 oethylene, fluoroethylene, ethylfluoride, 1 ,1-difluoroethane and perfluorocarbons, e.g. perfluoroalkanes such as per- 
fluoromethane, perfluoroethane, perfluoropropanes, perfluorobutanes (e.g. perfluoro-n-butane, optionally in admixture 
with other isomers such as perfluoro-isobutane), perfluoropentanes, perfluorohexanes and perfluoroheptanes; perfluor- 
oalkenessuch as perfluoropropene, perfluorobutenes (e.g. perfluorobut-2-ene) and perfluorobutadiene; perfluoroalkynes 
such as perfluorobut-2-yne; and perfluorocycloalkanes such as perfluorocyclobutane, perfluoromethylcyclobutane, per- 

to fluorodimethylcyclobutanes, perfluorotrimethylcyclobutanes, perfluorocyclopentane, perfluoromethylcyclopentane, per- 
fluorodimethylcyclopentanes, perf luorocyclohexane, perf luoromethylcyclohexane and perfluorocycloheptane. Other hal- 
ogenated gases include methyl chloride, fluorinated (e.g. perfluorinated) ketones such as perfluoroacetone and fluori- 
nated (e.g. perfluorinated) ethers such as perfluorodiethyl ether. The use of perfluorinated gases, for example sulphur 
hexafluoride and perfluorocarbons such as perfluoropropane, perfluorobutanes and perfluoropentanes, may be partic- 

15 ularly advantageous in view of the recognised high stability in the bloodstream of microbubbles containing such gases. 
[0034] The reporter may be made by any convenient process, for example by making gas-containing or gas-generating 
formulations. Representative examples include the preparation of a suspension of gas microbubbles by contacting a 
surfactant with gas and mixing them in the presence of an aqueous carrier, as described in WO 91 1 5244; or by atomising 
a solution or dispersion of a wall-forming material in the presence of a gas in order to obtain hollow microcapsules, as 

20 described in EP512693A1 ; preparation of solid microspheres by adouble emulsion process, as described in US 5648095; 
or a process for forming hollow microcapsules by spray-drying as described in EP 681843A2; or preparing gas-filled 
liposomes by shaking an aqueous solution comprising a lipid in the presence of a gas as described in US 5469854. 
[0035] A suitable process for attachment of the desired vector to the reporter comprises a surface modification of the 
preformed reporter with a suitable linker employing reactive groups on the surface of both the reporter and vector. It 

25 may be particularly advantageous physically to mix the reporter material with the vector-containing substance at any 
step of the process. Such a process will result in incorporation or an attachment of the vector to the reporter. An optional 
process step may remove the excess of vector not bound to the reporter by washing the gas -containing particles following 
separation, by for example, floatation. A preferred aspect is the use of lipopeptide structures incorporating functional 
groups such as thiol, maleimide biotin etc. which can be premixed if desired with other reporter molecules before formation 

30 of gas-containing agents. The attachment of vector molecules may be carried out using the linker reagents listed below. 
[0036] Linking of a reporter unit to the desired vectors may be achieved by covalent or non-covalent means, usually 
involving interaction with one or more functional groups located on the reporter and/or vectors. Examples of chemically 
reactive functional groups which may be employed for this purpose include amino, hydroxyl, sulfhydryl, carboxyl, and 
carbonyl groups, as well as carbohydrate groups, vicinal diols, thioethers, 2-aminoalcohols, 2-aminothiols, guanidinyl, 

35 imidazolyl and phenolic groups. 

[0037] Covalent coupling of reporter and vectors may therefore be effected using linking agents containing reactive 
moieties capable of reaction with such functional groups. Examples of reactive moieties capable of reaction with sulfhydryl 
groups include oc-haloacetyl compounds of the type X-CH 2 CO- (where X=Br, CI or I), which show particular reactivity 
for sulfhydryl groups but which can also be used to modify imidazolyl, thioether, phenol and amino groups as described 

^o by Gurd, F.R.N, in Methods Enzymol. (1967) 11, 532. N-Maleimide derivatives are also considered selective towards 
sulfhydryl groups, but may additionaly be useful in coupling to amino groups under certain conditions. N-maleimides 
may be incorporated into linking systems for reporter-vector conjugation as described by Kitagawa, T. et al. in Chem. 
Pharm. Bull. (1981) 29, 1 130 or used as polymer crosslinkers for bubble stabilisation as described by Kovacic, P. et al. 
in J. Am. Chem. Soc. (1959) 81, 1887. Reagents such as 2-iminothiolane, e.g. as described by Traut, R. et al. in 

45 Biochemistry (1973) 12, 3266, which introduce a thiol group through conversion of an amino group, may be considered 
as sulfhydryl reagents if linking occurs through the formation of disulphide bridges. Thus reagents which introduce 
reactive disulphide bonds into either the reporter or the vectors may be useful, since linking may be brought about by 
disulphide exchange between the vector and reporter; examples of such reagents include Ellman's reagent (DTNB), 
4,4'-dithiodipyridine, methyl-3-nitro-2-pyridyl disulphide and methyl-2-pyridyl disulphide (described by Kimura, T. et al. 

50 in Anaiyt. Biochem. (1 982) 122, 271). 

[0038] Examples of reactive moieties capable of reaction with amino groups include alkylating and acylating agents. 
Representative alkylating agents include: 

i) oc-haloacetyl compounds, which show specificity towards amino groups in the absence of reactive thiol groups 
55 and are of the type X-CH 2 CO- (where X=CI, Br or I), e.g. as described by Wong, Y-H.H. in Biochemistry (1979) 24, 

5337; 

ii) N-maleimide derivatives, which may react with amino groups either through a Michael type reaction or through 
acylation by addition to the ring carbonyl group as described by Smyth, D.G. et al. in J. Am. Chem. Soc. (1960) 82, 
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4600 and Biochem. J. (1964) 91, 589; 

iii) aryl halides such as reactive nitrohaloaromatic compounds; 

iv) alkyl halides as described by McKenzie, J. A. et al. in J. Protein Chem. (1 988) 7, 581 ; 

v) aldehydes and ketones capable of Schiff's base formation with amino groups, the adducts formed usually being 
5 stabilised through reduction to give a stable amine; 

vi) epoxide derivatives such as epichlorohydrin and bisoxiranes, which may react with amino, sulfhydryl or phenolic 
hydroxyl groups; 

vii) chlorine-containing derivatives of s-triazines, which are very reactive towards nucleophiles such as amino, 
sufhydryl and hydroxy groups; 

to viii) aziridines based on s-triazine compounds detailed above, e.g. as described by Ross, W.C.J, in Adv. Cancer 

Res. (1954) 2, 1, which react with nucleophiles such as amino groups by ring opening; 

ix) squaric acid diethyl esters as described by Tietze, L.F. in Chem. Ber. (1991) 124, 1215; and 

x) oc-haloalkyl ethers, which are more reactive alkylating agents than normal alkyl halides because of the activation 
caused by the ether oxygen atom, e.g. as described by Benneche, T. et al. in Eur. J. Med. Chem. (1993) 28, 463. 

15 

[0039] Representative amino-reactive acylating agents include: 

i) isocyanates and isothiocyanates, particularly aromatic derivatives, Which form stable urea and thiourea derivatives 
respectively and have been used for protein crosslinking as described by Schick, A.F. etaf. in J. Biol. Chem. (1961 ) 

20 236, 2477; 

ii) sulfonyl chlorides, which have been described by Herzig, D.J. etai. in Biopofymers (1964) 2, 349 and which may 
be useful for the introduction of a fluorescent reporter group into the linker; 

iii) Acid halides; 

iv) Active esters such as nitrophenylesters or N-hydroxysuccinimidyl esters; 
25 V ) acid anhydrides such as mixed, symmetrical or N-carboxyanhydrides; 

vi) other useful reagents for amide bond formation as described by Bodansky, M. et al. in 'Principles of Peptide 
Synthesis' (1 984) Springer-Verlag; 

vii) acylazides, e.g. wherein the azide group is generated from a preformed hydrazide derivative using sodium nitrite, 
e.g. as described by Wetz, K. et al. in Anal. Biochem. (1 974) 58, 347; 

30 viii) azlactones attached to polymers such as bisacrylamide, e.g. as described by Rasmussen, J.K. in Reactive 

Polymers (1991) 16, 199; and 

ix) Imidoesters , which form stable amidines on reaction with amino groups, e.g. as described by Hunter, M.J. and 
Ludwig, M.L. in J. Am. Chem. Soc. (1962) 84, 3491 . 

35 [0040] Carbonyl groups such as aldehyde functions may be reacted with weak protein bases at a pH such that 
nucleophilic protein side-chain functions are protonated. Weak bases include 1 ,2-aminothiols such as those found in N- 
terminal cysteine residues, which selectively form stable 5-membered thiazolidine rings with aldehyde groups, e.g. as 
described by Ratner, S. et al. in J. Am. Chem. Soc. (1937) 59, 200. Other weak bases such as phenyl hydrazones may 
be used, e.g. as described by Heitzman, H. et al. in Proc. Natl. Acad. Sci. USA (1974) 71, 3537. 

40 [0041] Aldehydes and ketones may also be reacted with amines to form Schiff's bases, which may advantageously 
be stabilised through reductive amination. 

Alkoxylamino moieties readily react with ketones and aldehydes to produce stable alkoxamines, e.g. as described by 
Webb, R. etal. in Bioconjugate Chem. (1990) 1, 96. 

[0042] Examples of reactive moieties capable of reaction with carboxyl groups include diazo compounds such as 
45 diazoacetate esters and diazoacetamides, which react with high specificity to generate ester groups, e.g. as described 
by Herriot R.M. in Adv. Protein Chem. (1947) 3, 169. Carboxylic acid modifying reagents such as carbodiimides, which 
react through O-acylurea formation followed by amide bond formation, may also usefully be employed; linking may be 
facilitated through addition of an amine or may result in direct vector-receptor coupling. Useful water soluble carbodiimides 
include 1 -cyclohexyl-3-(2-morpholinyl-4-ethyl)carbodiimide (CMC) and 1 -ethyl-3-(3-dimethylaminopropyl)carbodiimide 
so (EDC), e.g. as described by Zot, H.G. and Puett, D. in J. Biol. Chem. (1989) 264, 15552. Other useful carboxylic acid 
modifying reagents include isoxazolium derivatives such as Woodwards reagent K; chloroformates such as p-nitroph- 
enylchloroformate; carbonyldiimidazoles such as 1 ,1 '-carbonyldiimidazole; and N-carbalkoxydihydroquinolines such as 
N-(ethoxycarbonyl)-2-ethoxy-1,2-dihydroquinoline. 

[0043] Other potentially useful reactive moieties include vicinal diones such as p-phenylenediglyoxal, which may be 
55 used to react with guanidinyl groups, e.g. as described by Wagner et al. in Nucleic acid Res. (1978) 5, 4065; and 
diazonium salts, which may undergo electrophilic substitution reactions, e.g. as described by Ishizaka, K. and Ishizaka 
T. in J. Immunol. (1960) 85, 163. Bis-diazonium compounds are readily prepared by treatment of aryl diamines with 
sodium nitrite in acidic solutions. It will be appreciated that functional groups in the reporter and/or vector may if desired 
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be converted to other functional groups prior to reaction, e.g. to confer additional reactivity or selectivity. Examples of 
methods useful for this purpose include conversion of amines to carboxylic acids using reagents such as dicarboxylic 
anhydrides; conversion of amines to thiols using reagents such as N-acetylhomocysteine thiolactone, S-acetylmercap- 
tosuccinic anhydride, 2-iminothiolane or thiol-containing succinimidyl derivatives; conversion of thiols to carboxylic acids 
using reagents such as oc-haloacetates; conversion of thiols to amines using reagents such as ethylenimine or 2-bro- 
moethylamine; conversion of carboxylic acids to amines using reagents such as carbodiimides followed by diamines; 
and conversion of alcohols to thiols using reagents such as tosyl chloride followed by transesterification with thioacetate 
and hydrolysis to the thiol with sodium acetate. 

[0044] Vector-receptor coupling may also be effected using enzymes as zero-length crosslinking agents; thus, for 
example, transglutaminase, peroxidase and xanthine oxidase have been used to produce crosslinked products. Reverse 
proteolysis may also be used for crosslinking through amide bond formation. 

[0045] Non-covalent vector- receptor coupling may, for example, be effected by electrostatic charge interactions e.g. 
between a polylysinyl-functionalised reporter and a polyglutamyl-functionalised vector, through chelation in the form of 
stable metal complexes or through high affinity binding interaction such as avidin/biotin binding. Polylysine, coated non- 
covalently to the negatively charged membrane surface can also increase non-specifically the affinity of a microbubble 
for a cell through charge interactions. 

[0046] Alternatively, vectors may be coupled to a protein or peptide sequence known to bind phospholipids. In many 
instances, a single molecule of phospholipid may attach to a protein such as a translocase, while other proteins may 
attach to surfaces consisting mainly of phospholipid head groups and so may be used to attach vectors to phospholipid 
microspheres; one example of such a protein is |32-glycoprotein I (Chonn, A., Semple, S.C. and Cullis, P.R., Journal of 
Biological Chemistry (1995) 270, 25845-25849). Phosphatidylserine-binding proteins have been described, e.g. by 
Igarashi, K. etal. in Journal of Biological Chemistry 270(49), 29075-29078. Annexins are a class of phospholipid-binding 
proteins, many of which bind particularly avidly to phosphatidyl-serine (reviewed in Raynal, P. and H.B. Pollard. Annexins: 
the problem of assessing the biological role for a gene family of multifunctional calcium- and phospholipid-binding 
proteins". Biochim. Biophys. Acta 1 197: 63-93). A conjugate of a vector with such a phosphatidylserine-binding protein 
may therefore be used to attach the vector to phosphatidylserine-encapsulated microbubbles. When the amino acid 
sequence of a binding protein is known, the phospholipid-binding portion may be synthesised or isolated and used for 
conjugation with a vector, thus avoiding the biological activity which may be located elsewhere in the molecule. 
[0047] It is also possible to obtain molecules that bind specifically to the surface (or in the "membrane") of microspheres 
by direct screening of molecular libraries for microsphere-binding molecules. For example, phage libraries displaying 
small peptides could be used for such selection. The selection may be made by simply mixing the microspheres and 
the phage display library and eluting the phages binding to the floating microspheres. If desired, the selection can be 
done under "physiological conditions" (e.g. in blood) to eliminate peptides which cross-react with blood components. An 
advantage of this type of selection procedure is that only binding molecules that do not destabilize the microspheres 
should be selected, since only binding molecules attached to intact floating microspheres will rise to the top. It may also 
be possible to introduce some kind of "stress" during the selection procedure (e.g. pressure) to ensure that destabilizing 
binding moieties are not selected. Furthermore the selection could be done under shear conditions e.g. by first letting 
the phages react with the microspheres and then letting the microspheres pass through a surface coated with anti-phage 
antibodies under flow conditions. In this way it may be possible to select binders which may resist shear conditions 
present in vivo. Binding moieties identified in this way may be coupled (chemically via peptide synthesis, or at the DNA- 
level using recombinant vectors) to a vector molecule, constituting a general tool for attaching any vector molecule to 
the microspheres. A vector which comprises or is coupled to a peptide or lipopeptide linker which contains a element 
capable of mediating membrane insertion may also be useful. One example is described by Leenhouts, J.M. etal. in 
Febs Letters (1995) 370(3), 189-192. Non-bioactive molecules consisting of known membrane insertion anchor/signal 
groups may also be used as vectors for certain applications, an example being the H1 hydrophobic segment from the 
Na,K-ATPase oc-subunit described by Xie, Y. and Morimoto, T. in J. Biol. Chem. (1995) 270(20), 11985-11991. The 
anchor group may also be fatty acid(s) or cholesterol. 

[0048] Coupling may also be effected using avidin or streptavidin, which have four high affinity binding sites for biotin. 
Avidin may therefore be used to conjugate vector to reporter if both vector and reporter are biotinylated. Examples are 
described by Bayer, E.A. and Wilchek, M. in Methods Biochem. Anal. (1 980) 26, 1 . This method may also be extended 
to include linking of reporter to reporter, a process which may encourage bubble association and consequent potentially 
increased echogenicity. 

[0049] Non-covalent coupling may also utilise the bifunctional nature of bispecific immunoglobulins. These molecules 
can specifically bind two antigens, thus linking them. For example, either bispecific IgG or chemically engineered bispecific 
F(ab) '2 fragments may be used as linking agents. Heterobifunctional bispecific antibodies have also been reported for 
linking two different antigens, e.g. as described by Bode, C. etal. in J. Biol. Chem. (1989) 264, 944 and by Staerz, U.D. 
etal. in Proc. Natl. Acad. Sci. USA (1986)83, 1453. Similarly, any reporter and/or vector containing two or more antigenic 
determinants (e.g. as described by Chen, Aa etal. in Am. J. Pathol. (1988) 130, 216) may crosslink antibody molecules 
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and lead to formation of multi-bubble cross-linked assemblies of potentially increased echogenicity. 
[0050] So-called zero-length linking agents, which induce direct covalent joining of two reactive chemical groups 
without introducing additional linking material (e.g. as in amide bond formation induced using carbodiimides or enzy- 
matically) may, if desired, be used, as may agents such as biotin/avidin systems which induce non-covalent reporter- 
vector linking and agents which induce hydrophobic or electrostatic interactions. 

[0051] Most commonly, however, the linking agent will comprise two or more reactive moieties, e.g. as described 
above, connected by a spacer element. The presence of such a spacer permits bifunctional linkers to react with specific 
functional groups within a molecule or between two different molecules, resulting in a bond between these two components 
and introducing extrinsic linker-derived material into the reporter-vector conjugate. The reactive moieties in a linking 
agent may be the same (homobifunctional agents) or different (heterobifunctional agents or, where several dissimilar 
reactive moieties are present, heteromultifunctional agents), providing a diversity of potential reagents that may bring 
about covalent bonding between any chemical species, either intramolecularly or intermolecularly. 
[0052] The nature of extrinsic material introduced by the linking agent may have a critical bearing on the targeting 
ability and general stability of the ultimate product. Thus it may be desirable to introduce labile linkages, e.g. containing 
spacer arms which are biodegradable or chemically sensitive or which incorporate enzymatic cleavage sites. Alternatively 
the spacer may include polymeric components, e.g. to act as surfactants and enhance bubble stability. The spacer may 
also contain reactive moieties, e.g. as described above to enhance surface crosslinking, or it may contain a tracer 
element such as a fluorescent probe, spin label or radioactive material. 

[0053] Spacer elements may typically consist of aliphatic chains which effectively separate the reactive moieties of 
the linker by distances of between 5 and 30 A. They may also comprise macromolecular structures such as poly(ethylene 
glycols). Such polymeric structures, hereinafter referred to as PEGs, are simple, neutral polyethers which have been 
given much attention in biotechnical and biomedical applications (see e.g. Milton Harris, J. (ed) "Poly (ethylene glycol) 
chemistry, biotechnical and biomedical applications" Plenum Press, New York, 1 992). PEGs are soluble in most solvents, 
including water, and are highly hydrated in aqueous environments, with two or three water molecules bound to each 
ethylene glycol segment; this has the effect of preventing adsorption either of other polymers or of proteins onto PEG- 
modified surfaces. PEGs are known to be nontoxic and not to harm active proteins or cells, whilst covalently linked PEGs 
are known to be non-immunogenic and non-antigenic. Furthermore, PEGs may readily be modified and bound to other 
molecules with only little effect on their chemistry. Their advantageous solubility and biological properties are apparent 
from the many possible uses of PEGs and copolymers thereof, including block copolymers such as PEG-polyurethanes 
and PEG-polypropylenes. 

[0054] Appropriate molecular weights for PEG spacers used in accordance with the invention may, for example, be 
between 120 Daltons and 20 kDaltons. 

[0055] The major mechanism for uptake of particles by the cells of the reticuloendothelial system (RES) is opsonisation 
by plasma proteins in blood; these mark foreign particles which are then taken up by the RES. The biological properties 
of PEG spacer elements used in accordance with the invention may serve to increase contrast agent circulation time in 
a similar manner to that observed for PEGylated liposomes (see e.g. Klibanov, A.L. etal. in FEBS Letters (1990) 268, 
235-237 and Blume, G. and Cevc, G. in Biochim, Blophys. Acta (1990) 1029, 91-97). 

[0056] Other potentially useful protein modifications which can be made to vectors include partial or complete degly- 
cosidation by neuraminidase, endoglycosydases or periodate, since deglycosidation often results in less uptake by liver, 
spleen, macrophages etc., whereas neo-glycosylation of proteins often results in increased uptake by the liver and 
macrophages); preparation of truncated forms by proteolytic cleavage, leading to reduced size and shorter half life in 
circulation; and cationisation, e.g. as described by Kumagi etal. in J. Biol, Chem. (1987) 262, 15214-15219; Triguero 
etal. in Proc. Natl. Acad. Scl. USA (1989) 86, 4761-4765; Pardridge etal. in J. Pharmacol. Exp. Therap. (1989) 251, 
821-826 and Pardridge and Boado, Febs Lett. (1991) 288, 30-32. 

Increased coupling efficiency to areas of interest may also be achieved using antibodies bound to the terminii of PEG 
spacers (see e.g. Maruyama, K. etal. in Blochlm. Blophys. Acta (1995) 1234, 74-80 and Hansen, C.B. etal. in Blochlm. 
Blophys. Acta (1995) 1239, 133-144). 

[0057] In some instances it is considered advantageous to include a PEG component as a stabiliser in conjunction 
with a vector or vectors or directly to the reporter in the same molecule where the PEG does not serve as a spacer. 
[0058] Other representative spacer elements include structural-type polysaccharides such as polygalacturonic acid, 
glycosaminoglycans, heparinoids, cellulose and marine polysaccharides such as alginates, chitosans and carrageenans; 
storage-type polysaccharides such as starch, glycogen, dextran and aminodextrans; polyamino acids and methyl and 
ethyl esters thereof, as in homo- and co-polymers of lysine, glutamic acid and aspartic acid; and polypeptides, oligonu- 
cleotides and oligosaccharides, which may or may not contain enzyme cleavage sites. 

[0059] In general, spacer elements may contain cleavable groups such as vicinal glycol, azo, sulfone, ester, thioester 
or disulphide groups. Spacers containing biodegradable methylene diester or diamide groups of formula 

-(Z) m .Y.X.C(RiR2).X.Y. (Z) n - 
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[where X and Z are selected from -O-, -S-, and -NR-(where R is hydrogen or an organic group); each Y is a carbonyl, 
thiocarbonyl, sulphonyl, phosphoryl or similar acid-forming group: m and n are each zero or 1 ; and R 1 and R 2 are each 
hydrogen, an organic group or a group -X.Y.(Z) m -, or together form a divalent organic group] may also be useful; as 
5 discussed in, for example, WO-A-921 7436 such groups are readily biodegraded in the presence of esterases, e.g. in 
vivo, but are stable in the absence of such enzymes. They may therefore advantageously be linked to therapeutic agents 
to permit slow release thereof. 

[0060] Poly[N-(2-hydroxyethyl)methacrylamides] are potentially useful spacer materials by virtue of their low degree 
of interaction with cells and tissues (see e.g. Volfova, I., Rihova, B. and V.R. and Vetvicka, P. in J. Bioact. Comp. 
10 Polymers^ 992)7, 1 75-1 90). Workon asimilar polymerconsisting mainly of the closely related 2-hydroxypropyl derivative 
showed that it was endocytosed by the mononuclear phagocyte system only to a rather low extent (see Goddard, P., 
Williamson, I., Bron, J., Hutchkinson, L.E., Nicholls, J. and Petrak, K. in J. Bioct. Compat. Poiym. (1991) 6, 4-24.). 
[0061] Other potentially useful poymeric spacer materials include: 

15 j) copolymers of methyl methacrylate with methacrylic acid; these may be erodible (see Lee, P.I. in Pharm, Res. 

(1993) 10, 980) and the carboxylate substituents may cause a higher degree of swelling than with neutral polymers; 

ii) block copolymers of polymethacrylates with biodegradable polyesters (see e.g. San Roman, J. and Guillen-Garcia, 
P. in Biomateriais (1991) 12, 236-241); 

iii) cyanoacrylates, i.e. polymers of esters of 2-cyanoacrylic acid - these are biodegradable and have been used in 
20 the form of nanoparticles for selective drug delivery (see Forestier, F., Gerrier, P., Chaumard, C, Quero, A.M., 

Couvreur, P. and Labarre, C. in J. Antimicrob. Chemoter. (1992) 30, 173-179); 

iv) polyvinyl alcohols, which are water-soluble and generally regarded as biocompatible (see e.g. Langer, R. in J. 
Control. Release (1991) 16, 53-60); 

v) copolymers of vinyl methyl ether with maleic anhydride, which have been stated to be bioerodible (see Finne, U., 
25 Hannus, M. and Urtti, A. in Int. J. Pharm. (1992) 78. 237-241); 

vi) polyvinylpyrrolidones, e.g. with molecular weight less than about 25,000, which are rapidly filtered by the kidneys 
(see Hespe, W., Meier, A. M. and Blankwater, Y. M. in Arzeim.-ForschJ Drug Res. (1977) 27, 1 158-1 162); 

vii) polymers and copolymers of short-chain aliphatic hydroxyacids such as glycolic, lactic, butyric, valeric and caproic 
acids (see e.g. Carli, F. in Chim. Ind. (Milan) (1993) 75, 494-9), including copolymers which incorporate aromatic 

30 hydroxyacids in order to increase their degradation rate (see Imasaki, K., Yoshida, M., Fukuzaki, H., Asano, M., 

Kumakura, M., Mashimo, T., Yamanaka, H. and Nagai. T. in Int. J. Pharm. (1992) 81, 31-38); 

viii) polyesters consisting of alternating units of ethylene glycol and terephthalic acid, e.g. Dacron R , which are non- 
degradable but highly biocompatible; 

ix) block copolymers comprising biodegradable segments of aliphatic hydroxyacid polymers (see e.g. Younes, H., 
35 Nataf, P.R., Cohn, D., Appelbaum, Y.J., Pizov, G. and Uretzky, G. in Biomater. Artif. Cells Artif. Organs (1988) 16, 

705-719), for instance in conjunction with polyurethanes (see Kobayashi, H., Hyon, S.H. and Ikada, Y. in "Water- 
curable and biodegradable prepolymers" - J. Biomed. Mater. Res. (1991) 25, 1481-1494); 

x) polyurethanes, which are known to be we 1 1 -tolerated in implants, and which may be combined with flexible "soft" 
segments, e.g. comprising poly(tetra methylene glycol), poly(propylene glycol) or poly(ethylene glycol)) and aromatic 

^o "hard" segments, e.g. comprising 4,4'-methylenebis(phenylene isocyanate) (see e.g. Ratner, B.D., Johnston, A.B. 

and Lenk, T.J. in J. Biomed. Mater. Res: Applied Biomateriais (1 987) 21 , 59-90; Sa Da Costa, V. et al. in J. Coll. 
Interface Sci. (1 981 ) 80, 445-452 and Affrossman, S. et al. in Clinical Materials (1 991 ) 8, 25-31 ); 

xi) poly(1 ,4-dioxan-2-ones), which may be regarded as biodegradable esters in view of their hydrolysable ester 
linkages (see e.g. Song, C. X., Cui, X. M. and Schindler, A. in Med. Biol. Eng. Comput. (1993) 31, S147-150), and 

45 which may include glycolide units to improve their absorbability (see Bezwada, R.S., Shalaby, S.W. and Newman, 

H.D.J, in Agricultural and synthetic polymers: Biodegradability and utilization (1990) (ed Glass, J.E. and Swift, G.), 
167-174 - ACS symposium Series, #433, Washington D.C., U.S.A. - American Chemical Society); 

xii) polyanhydrides such as copolymers of sebacic acid (octanedioic acid) with bis(4-carboxy-phenoxy)propane, 
which have been shown in rabbit studies (see Brem, H., Kader, A., Epstein, J. I., Tamargo, R.J., Domb, A., Langer, 

50 R. and Leong, K.W. in Sel. Cancer Ther. (1989) 5, 55-65) and rat studies (see Tamargo, R.J., Epstein, J. I., Reinhard, 

C.S., Chasin, M. and Brem, H. in J. Biomed. Mater. Res. (1989) 23, 253-266) to be useful for controlled release of 
drugs in the brain without evident toxic effects; 

xiii) biodegradable polymers containing ortho-ester groups, which have been employed for controlled release in vivo 
(see Maa, Y.F. and Heller, J. in J. Control. Release (1990) 14, 21-28); and 

55 xiv) polyphosphazenes, which are inorganic polymers consisting of alternate phosphorus and nitrogen atoms (see 

Crommen, J.H., Vandorpe, J. and Schacht, E.H. in J. Control. Release (1993) 24, 167-180). 

[0062] The following tables list linking agents and agents for protein modification which may be useful in preparing 
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targetable contrast agents in accordance with the invention. 



Heterobifunctional linking agents 
5 [0063] 





Linking agent 


Reactivity 1 


Reactivity 2 


Comments 




ABH 


carbohydrate 


photo re active 




10 


ANB-NOS 


-NH 2 


photoreactive 






APDP(1) 


-SH 


photoreactive 


iodinable disulphide linker 




APG 


-NH 2 


photoreactive 


reacts selectively with Arg at pH 7-8 


ID 


ASIB(1) 


-SH 


photoreactive 


iodinable 




ASBA(1) 


-COOH 


photoreactive 


iodinable 




EDC 


-NH 2 


-COOH 


zero-length linker 




GMBS 


-NH 2 


-SH 




20 


sulfo-GMBS 


-NH 2 


-SH 


water-soluble 




HSAB 


-NH 2 


photoreactive 






sulfo-HSAB 


-NH 2 


photoreactive 


water-soluble 


25 


MBS 


-NH 2 


-SH 






sulfo-MBS 


-NH 2 


-SH 


water-soluble 




M 2 C 2 H 


carbohydrate 


-SH 






MPBH 


carbohydrate 


-SH 




30 


NHS-ASA(1) 


-NH 2 


photoreactive 


iodinable 




sulfo-NHS-ASA(l) 


-NH 2 


photoreactive 


water-soluble, iodinable 




sulfo-NHS-LC-ASA(l) 


-NH 2 


photoreactive 


water-soluble, iodinable 


35 


PDPH 


carbohydrate 


-SH 


disulphide linker 




PNP-DTP 


-NH 2 


photoreactive 






SADP 


-NH 2 


photoreactive 


disulphide linker 




sulfo-SADP 


-NH 2 


photoreactive 


water-soluble disulphide linker 


40 


SAED 


-NH 2 


photoreactive 


disulphide linker 




SAND 


-NH 2 


photoreactive 


water-soluble disulphide linker 




SANPAH 


-NH 2 


photoreactive 




45 


sulfo-SANPAH 


-NH 2 


photoreactive 


water-soluble 




SASD(1) 


-NH 2 


photoreactive 


water-soluble iodinable disulphide linker 




SIAB 


-NH 2 


-SH 






sulfo-SlAB 


-NH 2 


-SH 


water-soluble 


50 


SMCC 


-NH 2 


-SH 






sulfo-SMCC 


-NH 2 


-SH 


water-soluble 




SMPB 


-NH 2 


-SH 




55 


sulfo-SMPB 


-NH 2 


-SH -SH 


water-soluble 




SMPT 


-NH 2 








sulfo-LC-SMPT 


-NH 2 


-SH 


water-soluble 
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Table continued 



Linking agent 


Reactivity 1 


Reactivity 2 


Comments 


SPDP 


-NH 2 


-SH 




sulfo-SPDP 


-NH 2 


-SH 


water-soluble 


sulfo-LC-SPDP 


-NH 2 


-SH 


water-soluble 


sulfo-SAMCA(2) 


-NH 2 


photo reactive 




sulfo-SAPB 


-NH 2 


photoreactive 


water-soluble 


Notes: (1 )=iodinable; (2)=fluorescent 



Homobifunctional linking agents 
[0064] 



Linking agent 


Reactivity 


Comments 


0 


-NH 2 




BMH 


-SH 




BASED(1) 


photoreactive 


iodinable disulphide linker 


BSCOES 


-NH 2 




sulfo-BSCOES 


-NH 2 


water-soluble 


DFDNB 


-NH 2 




DMA 


-NH 2 




DMP 


-NH 2 




DMS 


-NH 2 




DPDPB 


-SH 


disulphide linker 


DSG 


-NH 2 




DSP 


-NH 2 


disulphide linker 


DSS 


-NH 2 




DST 


-NH 2 




sulfo-DST 


-NH 2 


water-soluble 


DTBP 


-NH 2 


disulphide linker 


DTSSP 


-NH 2 


disulphide linker 


EGS 


-NH 2 




sulfo-EGS 


-NH 2 


water-soluble 


SPBP 


-NH 2 





Biotinylation agents 
[0065] 



Agent 


Reactivity 


Comments 


biotin-BMCC 


-SH 




biotin-DPPE* 




preparation of biotinylated liposomes 
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Table continued 



Agent 


Reactivity 


Comments 


biotin-LC-DPPE* 




preparation of biotinylated liposomes 


biotin-HPDP 


-SH 


disulphide linker 


biotin-hydrazide 


carbohydrate 




biotin-LC-hydrazide 


carbohydrate 




iodoacetyl-LC-biotin 


-NH 2 




NHS-iminobiotin 


-NH 2 


reduced affinity for avidin 


NHS-SS-biotin 


-NH 2 


disulphide linker 


p h oto act i vat able biotin 


nucleic acids 




sulfo-NFiS-biotin 


-NH 2 


water-soluble 


sulfo-NHS-LC-biotin 


-NH 2 




Notes: DPPE=dipalmitoylphosphatidylethanolamine; LC=long chain 



Agents for protein modification 
[0066] 



Agent 


Reactivity 


Function 


Ellman's reagent 


-SH 


quantifies/detects/protects 


DTT 


-s.s- 


reduction 


2-mercaptoethanol 


-s.s- 


reduction 


2-mercaptylamine 


-s.s- 


reduction 


Traut's reagent 


-NH 2 


introduces -SH 


SATA 


-NH 2 


introduces protected -SH 


AMCA-NHS 


-NH 2 


fluorescent labelling 


AMCA-hydrazide 


carbohydrate 


fluorescent labelling 


AMCA-HPDP 


-S.S- 


fluorescent labelling 


SBF-chloride 


-s.s- 


fluorescent detection of -SH 


N-ethylmaleimide 


-s.s- 


blocks -SH 


NHS-acetate 


-NH 2 


blocks and acetylates -NH 2 


citraconic anhydride 


-NH 2 


reversibly blocks and introduces negative charges 


DTPA 


-NH 2 


introduces chelator 


BNPS-skatole 


tryptophan 


cleaves tryptophan residue 


Bolton-Hunter 


-NH 2 


introduces iodinable group 



[0067] Linking agents used in accordance with the invention will in general bring about linking of vector to reporter or 
reporter to reporter with some degree of specificity, and may also be used to attach one or more therapeutically active 
agents. 

[0068] Ultrasound imaging modalities which may be used in accordance with the invention include two- and three- 
dimensional imaging techniques such as B-mode imaging (for example using the time-varying amplitude of the signal 
envelope generated from the fundamental frequency of the emitted ultrasound pulse, from sub-harmonics or higher 
harmonics thereof or from sum or difference frequencies derived from the emitted pulse and such harmonics, images 
generated from the fundamental frequency or the second harmonic thereof being preferred), colour Doppler imaging 
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and Doppler amplitude imaging, and combinations of the two latter with any of the modalities (techniques) above. 
Surprisingly, the second harmonic signals from the targeted monolayer microspheres were found to be excellent when 
used in accordance with the present invention. To reduce the effects of movement, successive images of tissues such 
as the heart or kidney may be collected with the aid of suitable synchronisation techniques (e.g. gating to the ECG or 
respiratory movement of the subject). Measurement of changes in resonance frequency or frequency absorption which 
accompany arrested or retarded microbubbles may also usefully be made to detect the contrast agent. 
[0069] The present invention provides a tool for therapeutic drug delivery in combination with vector-mediated direction 
of the product to the desired site. By "therapeutic" or "drug" is meant an agent having a beneficial effect on a specific 
disease in a living human or non-human animal. Whilst combinations of drugs and ultrasound contrast agents have been 
proposed in, for example, WO-A-9428873 and WO-A-9507072, these products lack vectors having affinity for particular 
sites and thereby show comparitively poor specific retention at desired sites prior to or during drug release. 
[0070] Therapeutic compounds used in accordance with the present invention may be encapsulated in the interior of 
the microbubbles or attached to or incorporated in the encapsulating walls. Thus, the therapeutic compound may be 
linked to a part of the wall, for example through covalent or ionic bonds, or may be physically mixed into the encapsulating 
material, particularly if the drug has similar polarity or solubility to the membrane material, so as to prevent it from leaking 
out of the product before it is intended to act in the body. The release of the drug may be initiated merely by wetting 
contact with blood following administration or as a consequence of other internal or external influences, e.g. dissolution 
processes catalyzed by enzymes or the use of of ultrasound. The destruction of gas-containing microparticles using 
external ultrasound is a well known phenomenon in respect of ultrasound contrast agents, e.g. as described in WO-A- 
9325241 ; the rate of release may be varied depending on the type of therapeutic application, using a specific amount 
of ultrasound energy from the transducer. 

[0071] The therapeutic agent maybe covalently linked to the encapsulating membrane surface using a suitable linking 
agent, e.g. as described herein. Thus, for example, one may initially prepare a phospholipid or lipopeptide derivative to 
which the drug is bonded through a biodegradable or selectively cleavable linker followed by incorporation of the material 
into the microbubble. Alternatively lipidated drug molecules which do not require processing to liberate an active drug 
are incorporated directly into the membrane. The active lipidated-drug can be released by increasing the strength of the 
ultrasound beam. 

[0072] Exemplary drug delivery systems suitable for use in the present compositions include any known therapeutic 
drugs or active analogues thereof containing thiol groups which are coupled to thiol containing microbubbles under 
oxidative conditions yielding disulphide bridges. In combination with a vector or vectors the drug/vector modified micro- 
bubbles are allowed to accumulate in the target tissue. Administration of a reducing agent such as reduced glutathione 
then liberates the drug molecule from the targeted microbubble in the vicinity of the target cell increasing the local 
concentration of the drug and enhancing therapeutic effect. The product may also be prepared without the therapeutic 
if desired. The drug may then be coupled to or coated on the microbubbles prior to use. Thus, for example, a therapeutic 
could be added to a suspension of microbubbles in aqueous media and shaken in order to attach or adhere the therapeutic 
to the microbubbles. 

[0073] Other drug delivery systems include vector modified phospholipid membranes doped with lipopeptide structures 
comprising apoly-L-lysine or poly-D-lysine chain in combination with a targeting vector. Applied to gene therapy/antisense 
technologies with particular emphasis on receptor-mediated drug delivery the microbubble carrier is condensed with 
DNA or RNA via elecrostatic interaction with the polycation. This method has the advantage that the vector or vectors 
used for targeted delivery are not directly attached to the polysine carrier moiety. The polylysine chain is also anchored 
more tightly in the microbubble membrane due to the presence of the lipid chains. The use of ultrasound to increase the 
effectiveness of delivery is also considered useful. 

[0074] Alternatively free polylysine chains are firstly modified with drug or vector molecules then condensed onto the 
negative surface of targeted microbubbles. 

[0075] Representative and non-limiting examples of drugs useful in accordance with the invention include antineo- 
plastic agents such as vincristine, vinblastine, vindesine, busulfan, chlorambucil, spiroplatin, cisplatin, carboplatin, meth- 
otrexate, adriamycin, mitomycin, bleomycin, cytosine arabinoside, arabinosyl adenine, mercaptopurine, mitotane, pro- 
carbazine, dactinomycin (antinomycin D), daunorubicin, doxorubicin hydrochloride, taxol, plicamycin, aminoglutethimide, 
estramustine, flutamide, leuprolide, megestrol acetate, tamoxifen, testolactone, trilostane, amsacrine (m-AMSA), aspar- 
aginase (L-asparaginase), etoposide, interferon a-2a and 2b, blood products such as hematoporphyrins or derivatives 
of the foregoing; biological response modifiers such as muramylpeptides; antifungal agents such as ketoconazole, 
nystatin, griseofulvin, flucytosine, miconazole or amphotericin B; hormones or hormone analogues such as growth 
hormone, melanocyte stimulating hormone, estradiol, beclomethasone dipropionate, betamethasone, cortisone acetate, 
dexamethasone, flunisolide, hydrocortisone, methylprednisolone, paramethasone acetate, prednisolone, prednisone, 
triamcinolone or fludrocortisone acetate; vitamins such as cyanocobalamin or retinoids; enzymes such as alkaline phos- 
phatase or manganese superoxide dismutase; antiallergic agents such as amelexanox; inhibitors of tissue factor such 
as monoclonal antibodies and Fab fragments thereof, synthetic peptides, nonpeptides and compounds downregulating 
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tissue factor expression; inhibitors of platelets such as, GPIa, GPIb and GPIIb-llla, ADP receptors, thrombin receptors, 
von Willebrand factor, prostaglandins, aspirin, ticlopidin, clopigogrel and reopro; inhibitors of coagulation protein targets 
such as: Flla FVa, FVIIa, FVIIIA, FIXa, tissue factor, hepatins, hirudin, hirulog, argatroban, DEGR-rFVIIa and annexin 
V; inhibitors of fibrin formation and promoters of fibrionolysis such as t-PA, urokinase, Plamin, Streptokinase, rt-Plas- 
minogen Activator and rStaphylokinase; antiangiogenic factors such as medroxyprogesteron, pentosan polysulphate, 
suramin, taxol, thalidomide, angiostatin, interferon-alpha, metalloproteinase inhibitors, platelet factor 4, somatostatin, 
thromobospondin; circulatory drugs such as propranolol; metabolic potentiators such as glutathione; antituberculars 
such as p-aminosalicylic acid, isoniazid, capreomycin sulfate, cyclosexine, ethambutol, ethionamide, pyrazinamide, 
rifampin or streptomycin sulphate; antivirals such as acyclovir, amantadine, azidothymidine, ribavirin or vidarabine; blood 
vessel dilating agents such as diltiazem, nifedipine, verapamil, erythritol tetranitrate, isosorbide dinitrate, nitroglycerin 
or pentaerythritol tetranitrate; antibiotics such as dapsone, chloramphenicol, neomycin, cefaclor, cefadroxil, cephalexin, 
cephradine, erythromycin, clindamycin, lincomycin, amoxicillin, ampicillin, bacampicillin, carbenicillin, dicloxacillin, cy- 
clacillin, picloxacillin, hetacillin, methicillin, nafcillin, penicillin, polymyxin or tetracycline; antiinflammatories such as dif- 
lunisal, ibuprofen, indomethacin, meclefenamate, mefenamic acid, naproxen, phenylbutazone, piroxicam, tolmetin, as- 
pirin or salicylates; antiprotozoans such as chloroquine, metronidazole, quinine or meglumine antimonate; antirheumatics 
such as penicillamine; narcotics such as paregoric; opiates such as codeine, morphine or opium; cardiac glycosides 
such as deslaneside, digitoxin, digoxin, digitalin or digitalis; neuromuscular blockers such as atracurium mesylate, 
gallamine triethiodide, hexafluorenium bromide, metocurine iodide, pancuronium bromide, succinylcholine chloride, 
tubocurarine chloride or vecuronium bromide; sedatives such as amobarbital, amobarbital sodium, apropbarbital, but- 
abarbital sodium, chloral hydrate, ethchlorvynol, ethinamate, flurazepam hydrochloride, glutethimide, methotrimeprazine 
hydrochloride, methyprylon, midazolam hydrochloride, paraldehyde, pentobarbital, secobarbital sodium, talbutal, 
temazepam or triazolam; local anaesthetics such as bupivacaine, chloroprocaine, etidocaine, lidocaine, mepivacaine, 
procaine or tetracaine; general anaesthetics such as droperidol, etomidate, fentanyl citrate with droperidol, ketamine 
hydrochloride, methohexital sodium or thiopental and pharmaceutical^ acceptable salts (e.g. acid addition salts such 
as the hydrochloride or hydrobromide or base salts such as sodium, calcium or magnesium salts) or derivatives (e.g. 
acetates) thereof. Other examples of therapeutics include genetic material such as nucleic acids, RNA, and DNA of 
natural or synthetic origin, including recombinant RNA and DNA. DNA encoding certain proteins may be used in the 
treatment of many different types of diseases. For example, tumor necrosis factor or interleukin-2 genes may be provided 
to treat advanced cancers; thymidine kinase genes may be provided to treat ovarian cancer or brain tumors; interleukin- 
2 genes may be provided to treat neuroblastoma, malignant melanoma or kidney cancer; and interleukin-4 genes may 
be provided to treat cancer. 

[0076] Lipophilic derivatives of drugs linked to the microbubble wall through hydrophobic interactions may exhibit 
therapeutic effects as part of the microbubble or after release from the microbubble, e.g. by use of ultrasound. If the 
drug does not possess the desired physical properties, a lipophilic group may be introduced for anchoring the drug to 
the membrane. Preferably the lipophilic group should be introduced in a way that does not influence the in vivo potency 
of the molecule, or the lipophilic group may be cleaved releasing the active drug. Lipophilic groups may be introduced 
by various chemical means depending on functional groups available in the drug molecule. Covalent coupling may be 
effected using functional groups in the drug molecule capable of reacting with appropriately functionalised lipophilic 
compounds. Examples of lipophilic moieties include branched and unbranched alkyl chains, cyclic compounds, aromatic 
residues and fused aromatic and non-aromatic cyclic systems. In some instances the lipophilic moiety will consist of a 
suitably functionalised steroid, like cholesterol and related compounds. Examplesof functional groups particularly suitable 
for derivatisation include nucleophilic groups like amino, hydroxy and sulfhydryl groups. Suitable processes for lipophilic 
derivatisation of any drug containing a sulfhydryl group, like captopril, may include direct alkylation, e.g. reaction with 
an alkyl halide under basic conditions and thiol ester formation by reaction with an activated carboxylic acid. Represent- 
ative examples of derivatisation of any drug having carboxylic Functions, like atenolol and chlorambucil, include amide 
and ester formation by coupling of amines and alcohols, respectively, possesing requested physical properties. A pre- 
ferred aspect is attachment of cholesterol to a therapeutic compound by forming a degradable ester bond. 
[0077] A preferred application of the present invention relates to angiogenesis, which is the formation of new blood 
vessels by branching from existing vessels. The primary stimulus for this process may be inadequate supply of nutrients 
and oxygen (hypoxia) to cells in a tissue. The cells may respond by secreting angiogenetic factors, of which there are 
many; one example is vascular endothelial growth factor. These factors initiate the secretion of proteolytic enzymes 
which break down the proteins of the basement membrane, as well as inhibitors which limit the action of these potentially 
harmful enzymes. The combined effect of loss of attachment and signals from the receptors for angiogenetic factors is 
to cause the endothelial cells to move, multiply, and rearrange themselves, and finally to synthetise a basement membrane 
around the new vessels. 

[0078] Tumors must initiate angiogenesis when they reach millimeter size in order to keep up their rate of growth. As 
angiogenesis is accompanied by characteristic changes in the endothelial cells and their environment, this process is 
a promising target for therapeutic intervention. The transformations accompanying angiogenesis are also very promising 
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for diagnosis, a preferred example being malignant disease, but the concept also shows great promise in inflammation 
and a variety of inflammation-related diseases. These factors are also involved in re-vascularisation of infarcted parts 
of the myocardium, which occurs if a stenosis is released within a short time. 

[0079] A number of known receptors/targets associated with angiogenesis are given in subsequent tables. Using the 
targeting principles described in the present disclosure, angiogenesis mav be detected by the majority of the imaging 
modalities in use in medicine. 

Contrast-enhanced ultrasound may possess additional advantages, the contrast medium being microspheres which are 
restricted to the interior of blood vessels. Even if the target antigens are found on many cell types, the microspheres will 
attach exclusively to endothelial cells. 

[0080] So-called prodrugs may also be used in agents according to the invention. Thus drugs may be derivatised to 
alter their physicochemical properties and to adapt them for inclusion into the reporter; such derivatised drugs may be 
regarded as prodrugs and are usually inactive until cleavage of the derivatising group regenerates the active form of the 
drug. 

[0081] By targeting a gas-filled microbubble containing a prodrug-activating enzyme to areas of pathology one may 
image targeting of the enzyme, making it possible to visualise when the micobubbles are targeted properly to the area 
of pathology and at the same time have disappeared from non-target areas. In this way one can determine the optimal 
time for injection of prodrug into individual patients. 

[0082] Another alternative is to incorporate the prodrug, the prodrug-activating enzyme and the vector in the same 
microbubble in a system where the prodrug will only be activated after some external stimulus. Such a stimulus may, 
for example, be a tumour-specific protease as described above, or bursting of the bubbles by external ultrasound after 
the desired targeting has been achieved. 

[0083] Therapeutics may easily be delivered in accordance with the invention to diseased or necrotic areas including 
the heart and vasculature in general, and to the liver, spleen and kidneys and other regions such as the lymph system, 
body cavities or gastrointestinal system. 

[0084] Products according to the present invention may be used for targeted therapeutic delivery either in vivo or in 
vitro. In the latter context the products may be useful in in vitro systems such as kits for diagnosis of different diseases 
or characterisation of different components in blood or tissue samples. Similar techniques to those used to attach certain 
blood components or cells to polymer particles(e.g. monodisperse magnetic particles) in vitro to separate them from a 
sample may be used in the present invention, using the low density of the reporter units in agents of the present invention 
to effect separation of the gas-containing material by floatation and repeated washing. 

[0085] Vectors which may be usefully employed in generating multiple-specific targetable contrast agents according 
to the invention include the following: 

i) Antibodies, which can be used as vectors for a very wide range of targets, and which have advantageous properties 
such as very high specificity, high affinity (if desired), the possiblity of modifying affinity according to need etc. 
Whether or not antibodies will be bioactive will depend on the specific vector/target combination. Both conventional 
and genetically engineered antibodies may be employed, the latter permitting engineering of antibodies to particular 
needs, e.g. as regards affinity and specificity. The use of human antibodies may be preferred to avoid possible 
immune reactions against the vector molecule. A further useful class of antibodies comprises so-called bispecific 
antibodies, i.e. antibodies having specificity for two different target molecules in one antibody molecule. Such anti- 
bodies may, for example, be useful in promoting formation of bubble clusters and may also be used for various 
therapeutic purposes, e.g. for carrying toxic moieties to the target. Various aspects of bispecific antibodies are 
described by McGuinness, B.T. etai. in Nat. Biotechnol. (1996) 14, 1149-1154; by George, A.J. etai. in J. Immunoi. 
(1994) 152, 1802-181 1 ; by Bonardi etai. in Cancer Res. (1993) 53, 3015-3021 ; and by French, R.R. etai. in Cancer 
Res. (1 991 ) 51 , 2353-2361 . 

ii) Cell adhesion molecules, their receptors, cytokines, growth factors, peptide hormones and pieces thereof. Such 
vectors rely on normal biological protein-protein interactions with target molecule receptors, and so in many cases 
will generate a biological response on binding with the targets and thus be bioactive; this may be a relatively 
insignificant concern with vectors which target proteoglycans. 

iii) Non-peptide agonists/antagonists or non-bioactive binders of receptors for cell adhesion molecules, cytokines, 
growth factors and peptide hormones. This category may include non-bioactive vectors which will be neither agonists 
nor antagonist but which may nonetheless exhibit valuable targeting ability. 

iv) Oligonucleotides and modified oligonucleotides which bind DNA or RNA through Watson-Crick or other types of 
base-pairing. DNA is usually only present in extracelluar space as a consequence of cell damage, so that such 
oligonucleotides, which will usually be non-bioactive, may be useful in, for example, targeting of necrotic regions, 
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which are associated with many different pathological conditions. Oligonucleotides may also be designed to bind 
to specific DNA- or RNA-binding proteins, for example transcription factors which are very often highly overexpressed 
or activated in tumour cells or in activated immune or endothelial cells. Combinatorial libraries may be used to select 
oligonucleotides which bind specifically to possible target molecules (from proteins to caffeine) and which therefore 
may be employed as vectors for targeting. 

v) DNA-binding drugs may behave similarly to oligonuclotides, but may exhibit biological acitvity and/or toxic effects 
if taken up by cells. 

vi) Various small molecules, including bioactive compounds known to bind to biological receptors of various kinds. 
Such vectors or their targets may be used to generate non-bioactive compounds binding to the same targets. 

vii) Vector molecules may be selected from combinatorial libraries without necessarily knowing the exact molecular 
target, by functionally selecting (in vitro, ex vivo or in vivo) for molecules binding to the region/structure to be imaged. 

viii) Various small molecules, including bioactive compounds known to bind to biological receptors of various kinds. 
Such vectors or their targets may be used for generate non-bioactive compounds binding to the same targets. 

ix) Proteins or peptides which bind to glucosaminoglycan side chains e.g. haparan sulphate, including glucosoam- 
inoglycan-binding portions of larger molecules, since binding to such glucosoaminoglycans side chains does not 
result in abiological response. Proteoglycans are not found on red blood cells, thus eliminating undesirable adsorption 
to these cells. 

[0086] Other peptide vectors and lipopeptides thereof of particular interest for targeted ultrasound imaging are listed 
below: Atherosclerotic plaque binding peptides such as YRALVDTLK, YAKFRETLEDTRDRMY and RALVDTE- 
FKVKQEAGAK; Thrombus binding peptides such as NDGDFEEIPEEYLQ and GPRG; Platelet binding peptides such 
as PLYKKIIKKLLES; and cholecystokinin, oc-melanocyte-stimulating hormone, heat stable enterotoxin 1, vasoactive 
intestinal peptide, synthetic alpha-M2 peptide from the third heavy chain complementarity-determining region and ana- 
logues thereof for tumor targeting. 

[0087] The following tables identify various receptors which may be targeted by particular types of vectors and con- 
sequent areas of use for targetable ultrasound contrast agents according to the invention which contain such vectors. 

Protein and peptide vectors - antibodies 



[0088] 



Vector type 


Receptor 


Comments/areas of use 


Ref 


antibodies (general) 


CD34 


vascular diseases in general, 
normal vessel wall (e.g 
myocardium), activated 
endothelium, immune cells 






ICAM-1 








ICAM-2 








ICAM-3 








E-selectin 








P-selectin 








PECAM 








Integrins, e.g. VLA-1, VLA-2, 
VLA-3, VLA-4, VLA-5, VLA-6, 
P-iOCy, P^ocg LFA-1, Mac-1, 
CD41a, etc. 








GlyCAM 


Vessel wall in lymph nodes (quite 
specific for lymph nodes) 
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Table continued 



Vector type 


Receptor 


Comments/areas of use 


Ref 




MadCam 1 


- 






fibrin 


Thrombi 






Tissue Factor 


Activated endothelium, tumours 






Myosin 


Necrosis, myocardial infaction 






CEA (carcinoem bryonal antigen) 


Tumours 






Mucins 


Tumours 






Multiple druq resistance protein 


Tumours 




„ 


Prostate specific antigen 


Prostate cancer 




•< 


Cathepsin B 


Tumours (proteases of various 
kinds are often more or less 
specifically overexpressed in a 
variety of tumours - Cathepsin B 
is such a protease) 






Transferri n receptor 


Tumors, vessel wall 




MoAb 9.2.27 




Tumours Antigen upregulated on 
op 1 1 nrowth 

wV^II U 1 V V LI 1 






VAP-1 


Adhesion molecule 






Band 3 protein 


Upregulated during phagocytic 
activity 

L 1 V 1 L y 






CD44 


tumor cells 






p2-microglobu lin 


general 






MHC class I 


general 




antibody antibodies antibodies 
antibodies 


integrin ccvp3 CD44 P2- 
microglobu lin MHC class 1 


tumors, angiogenisistumourcells 
general general 


c ab b 


a. ) Heider, K. H., M. Sproll, S. Susani, E. Patzelt, P. Beaumier, E. Ostermann, H. Ahorn, and G. R. Adolf. 1996. 

"Characterization of a high -affinity monoclonal antibody specific for CD44v6 as candidate for immunotherapy of 

squamous cell carcinomas". Cancer Immunology Immunotherapy 43: 245-253. 

b). I. Roitt, J. Brostoff, and D. Male. 1985. Immunology, London: Gower Medical Publishing, p. 4.7 

c.) Stromblad, S., and D. A. Cheresh. 1996. "Integrins, angiogenesis and vascular cell survival". Chemistry & Biology 

3: 881-885. 


Protein and peptide vectors - cell adhesion molecules etc. 




[0089] 


Vector type 


Receptor 


Comments/areas of use 


Ref 


L-selectin 


CD34 MadCAMI GlyCam 1 


vascular diseases in general, 
normal vessel wall (e.g 
myocardium), activated 
endothelium, Lymph nodes 




Other selectins 


carbohydrate ligands (sialyl Lewis 
x) heparan sulfate 


vascular diseases in general, 
normal vessel wall (e.g 
myocardium), activated 
endothelium 





19 



EP 1 007 101 B1 



Table continued 



Vector type 


Receptor 


Comments/areas of use 


Ref 


RGD-peptides 


integrins 


angiogenisis 




PECAM 


PECAM, and other 


Endothelium, Cells in immune 
system 




Integrins, e.g. VLA-1 , VLA-2, 
VLA-3, VLA-4, VLA-5, VLA-6, 
$^a 7 , 3-iOtg, P^, LFA-1, Mac-1, 
CD41a, etc. 


Laminin, collagen, fibronectin, 
VCAM-1 , thrombospondin, 
vitronectin etc. 


Endothelium, Vessel wall etc. 




Integrin receptors, e.g.Laminin, 
collagen, fibronectin, VCAM-1, 
thrombospondi n, vitronectin etc. 


Integrins, e.g. VLA-1 , VLA-2, VLA- 
3, VLA-4, VLA-5, VLA-6, p l0 c 7 , 
p 1 cc 8 , p 1 Oy, LFA-1 , Mac-1 , CD41 a, 
etc. 


Cells in immune system vessel wall 
etc. 




Nerve cell adhesion molecule (N- 
CAM) RGD-peptides 


proteoglycans N-CAM 
(homophilic) integrins 


angiogenesis 


c 



Vectors comprising cytokines/growth factors/peptide hormones and fragments thereof 
[0090] 
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Vector type 


Receptor 


Comments/areas of use 


Ref 




Epidermal growth factor 


EGF-receptor or related receptors 


Tumours 






Nerve growth factor 


NGF-receptor 


Tumours 






Somatostatin 


ST-receptor 


Tumours 




30 


Endothelin 


Endothelin-receptor 


Vessel wall 






lnterleukin-l 


IL-1 -receptor 


Inflammation, activated cells of 
different kinds 




35 


lnterleukin-2 


IL-2-receptor 






Chemokines (ca. 20 different 
cytokines partly sharing 
receptors) 


Chemokine receptors, 
proteoglycans 


Inflammation 




40 


Tumour necrosis factor 


TNF-receptors 


Inflammation 




Parathyroid hormone 


PTH-receptors 


Bone diseases Kidney diseases 






Bone Morphogenetic Protein 


BMP-receptors 


Bone Diseases 






Calcitonin 


CT-receptors 


Bone diseases 




45 


Colony stimulating factors (G- 
CSF, GM-CSF, M-CSF, IL-3) 


Corresponding specific receptors, 
proteoglycans 


Endothelium 






Insulin like growth factor I 


IGF-I receptor 


Tumours, other growing tissues 






Atrial Natriuretic Factor 


ANF-receptors 


Kidney, vessel wall 




50 


Vasopressin 


Vasopressin receptor 


Kidney, vessel wall 






VEGF 


VEGF-receptor 


Endothelium, regions of 
angiogenesis 




55 


Fibroblast growth factors 


FGF-receptors, Proteoglycans 


Endothelium Angiogenesis 




Schwann cell growth factor 


proteoglycans specific receptors 
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Miscellaneous protein and peptide vectors 
[0091] 



Vector type 


Receptor 


Comments/areas of use 


Ref 


Streptavidin 


Kidney 


Kidney diseases 




Bacterial fibronectin-binding 
proteins 


Fibronectin 


Vessel wall 




Fc-part of antibodies 


Fc- receptors 


Monocytes macrophages liver 




Transferrin 


transferrin-receptor 


Tumours vessel walls 




Streptokinase/ tissue plasminogen 
activator 


thrombi 


thrombi 




Plasminogen, plasmin 


Fibrin 


Thrombi, tumours 




Mast cell proteinases 


proteoglycans 






Elastase 


proteoglycans 






Lipoprotein lipase 


proteoglycans 






Coagulation enzymes 


proteoglycans 






Extracellular superoxide dismutase 


proteoglycans 






Heparin cofactor II 


proteoglycans 






Retinal survival factor 


proteoglycans specific receptors 






Heparin-binding brain mitogen 


proteoglycans specific receptors 






Apolipoprotein, e.g. apo lipoprotein 
B 


proteoglycans specific receptors 
(e.g., LDL receptor) 






Apolipoprotein E 


LDL receptor proteoglycans 






Adhesion-promoting proteins, e.g. 
Purpurin 




proteoglycans 




Viral coat proteins, e.g. HIV, 
Herpes 




proteoglycans 




Microbial adhesins 


"Antigen 85" complex of 
mycobacteria 


fibronectin, collagen, fibrinogen, 
vitronectin, heparan sulfate 




(3-amyloid precursor 


proteoglycans 


P-amyloid accumulates in 
Alzheimer's disease 




Tenascin, e.g tenascin C 


heparan sulfate, integrins 







Vectors comprising non-peptide agonists/antagonists of cytokines/growth factors/peptide hormones/cell ad- 
hesion molecules 



[0092] 



Vector type 


Receptor 


Comments/areas of use 


Ref 


Endothelin antagonist 


Endothelin receptor 


Vessel wall 




Desmopressin (vasopressin analogue) 


Vasopressin receptor 


Kidney Vessel wall 




Demoxytocin (oxytocin analogue) 


Oxytocin Receptor 


Reproductive organs, Mammary 
glands, Brain 
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Table continued 



Vector type 


Receptor 


Comments/areas of use 


Ref 


Angiotensin II receptor antagonists CV- 
11974, TCV-116 


Angiotensin II receptors 


Vessel wall brain adrenal gland 




non-peptide RGD-analogues 


integrins 


Cells in immune system vessel wall etc. 





Vectors comprising anti-angiogenic factors 
[0093] 



Vector type 


Target 


Comments/areas of use 


Ref 


Angiostatin 


EC of tumors 


plasminogen fragment 


K 


cartilage-derived inhibitor 


EC of tumors 




J 


p-Cyclodextrin tetradecasulfate 


tumors, inflammation 




c 


fumagillin and analogs 


tumors, inflammation 




E 


Interferon -a 


EC of tumors 




K 


Interferon-y 


EC of tumors 




E 


interleukin-12 


EC of tumors 




E 


linomide 


tumors, inflammation 




A 


medroxyprogesterone 


EC of tumors 




K 


metalloproteinase inhibitors 


EC of tumors 




K 


pentosan polysulfate 


EC of tumors 




K 


platelet factor 4 


EC of tumors 




M 


Somatostatin 


EC of tumors 




K 


Suramin 


EC of tumors 




K 


Taxol 


EC of tumors 




K 


thalidomide 


EC of tumors 




K 


Thrombospondin 


EC of tumors 




K 



Vectors comprising angiogenic factors 
[0094] 



Vector type 


Target 


Comments/areas of use 


Ref 


acidic fibroblast growth factor 


EC of tumors 




K 


adenosine 


EC of tumors 




K 


Angiogenin 


EC of tumors 




K 


Angiotensin II 


EC of tumors 




K 


basement membrane components 


tumors 


e.g., tenascin, collagen IV 


M 


basic fibroblast growth factor 


EC of tumors 




K 


Bradykinin 


EC of tumors 




K 


Calcitonin gene-related peptide 


EC of tumors 




K 


epidermal growth factor 


EC of tumors 




K 
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Table continued 



Vector type 


Target 


Comments/areas of use 


Ref 


Fibrin 


tumors 




K 


Fibrinogen 


tumors 




K 


Heparin 


EC of tumors 




K 


histamine 


EC of tumors 




K 


hyaluronic acid or fragments thereof 


EC of tumors 




K 


lnterleukin-1 a 


EC of tumors 




K 


laminin, laminin fragments 


EC of tumors 




K 


nicotinamide 


EC of tumors 




K 


platelet activating factor 


EC of tumors 




K 


Platelet-derived endothelial growth factor 


EC of tumors 




K 


prostaglandins E1, E2 


EC of tumors 




K 


spermine 


EC of tumors 




K 


spermine 


EC of tumors 




K 


Substance P 


EC of tumors 




K 


transforming growth factor-oc 


EC of tumors 




K 


transforming growth factor-p 


EC of tumors 




K 


Tumor necrosis facto r-oc 


EC of tumors 




K 


vascular endothelial growth factor/vascular permeability factor 


EC of tumors 




K 


vitronectin 






A 



Vector molecules other than recognized angiogenetic factors with known affinity for receptors associated with 
angiogenesis 

35 

[0095] 



Vector type Target Comments/areas of Ref use 


angiopoietin 


tumors, inflammation 




B 


a 2 -antiplasmin 


tumors, inflammation 






combinatorial libraries, compounds from 


tumors, inflammation 


for instance: compounds that bind to 
basement membrane after degradation 




endoglin 


tumors, inflammation 




D 


endosialin 


tumors, inflammation 




D 


endostatin [collagen fragment] 


tumors, inflammation 




M 


Factor VII related antigen 


tumors, inflammation 




D 


fibrinopeptides 


tumors, inflammation 




ZC 


fibroblast growth factor, basic 


tumors, inflammation 




E 


hepatocyte growth factor 


tumors, inflammation 




I 


insulin-like growth factor 


tumors, inflammation 




R 


interleukins 


tumors, inflammation 


e.g.,: IL-8 


I 


leukemia inhibitory factor 


tumors, inflammation 




A 
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Table continued 



Vector type Target Comments/areas of Ref use 


metalloproteinase inhibitors 


tumors, inflammation 


e.g., batimastat 


E 


Monoclonal antibodies 


tumors, inflammation 


for instance: to angiogenetic factors or 

th^ir r^o^otorQ or to oomoon^ntc; of th^ 

LIICII 1 CUCpiUlO, KJ\ IKJ UU 1 1 ipU 1 1 C 1 1 Lo Ul LI 1 C 

fibrinolytic system 




peptides, for instance cyclic RGD D FV 


tumors, inflammation 




B,Q 


placental growth factor 


tumors, inflammation 




J 


placental p ro I iferin- related protein 


tumors, inflammation 




E 


plasminogen 


tumors, inflammation 




M 


plasminogen activators 


tumors, inflammation 




D 


plasminogen activator inhibitors 


tumors, inflammation 




U,V 


platelet activating factor antagonists 


tumors, inflammation 


inhibitors of angiogenesis 


A 


platelet-derived growth factor 


tumors, inflammation 




E 


pleiotropin 


tumors, inflammation 




ZA 


proliferin 


tumors, inflammation 




E 


proliferin related protein 


tumors, inflammation 




E 


q o I ppt i n q 

o C I CCL 1 1 I O 


ti imnrQ inflammation 

LUIIIwlo, II II Idl I II I IClLIUI I 


q n p_c<a|^otin 
c.y., OC ICCLI 1 1 


n 
i—/ 


SPARC 


ti imorQ inflammation 

LUIIIUlo, I I I I I Cl I I 1 1 I I d. L \\J I I 




M 


cnakp \/pnomQ f Rf^D-oontaininr^ 
o I I cirvc v c I \\J\ I I o ^ I i \J vj k^kj I I Lei M 1 1 1 ly J 


tiimorQ inflammation 

LUI 1 IUI o, 1 1 1 1 1 CLI 1 1 1 1 laLIU 1 1 






Tissue inhibitor of metalloproteinases 


tumors, inflammation 


eg,, TIMP-2 


U 


thrombin 


tumors, inflammation 




H 


thrombin-receptor-activatin g 
tetradecapeptide 


tumors, inflammation 




H 


thymidine phosphorylase 


tumors, inflammation 




D 


tumor growth factor 


tumors, inflammation 




ZA 


Receptors/targets associated with angiogenesis 
[0096] 


Vector type 


Target 


Comments/areas of use 


Ref 


biglycan 


tumors, inflammation 


dermatan sulfate proteoglycan 


X 


CD34 


tumors, inflammation 




L 


CD44 


tumors, inflammation 




F 


collagen type 1, IV, VI, VIII 


tumors, inflammation 




A 


decorin 


tumors, inflammation 


dermatan sulfate proteoglycan 


Y 


dermatan sulfate proteoglycans 


tumors, inflammation 




X 


endothelin 


tumors, inflammation 




G 


endothelin receptors 


tumors, inflammation 




G 


fibronectin 


tumors 




P 


Flk-1/KDR, Flt-4 


tumors, inflammation 


VEGF receptor 


D 
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Table continued 



Vector type 


Target 


Comments/areas of use 


Ref 


FLT-1 (fms-like tyrosine kinase) 


tumors, inflammation 


VEGF-A receptor 


O 


heparan sulfate 


tumors, inflammation 




P 


hepatocyte growth factor receptor (c- 
met) 


tumors, inflammation 




1 


insulin-like growth factor/mannose-6- 
phosphate receptor 


tumors, inflammation 




R 


integrins: p 3 and p 5 , integrin oCyPg, 
integrin a 6 p 1? integrins a 6 , integrins p 1? 
intpnrin ntvR-i intpnrin ct R^-, intpnrin cir- 
integrin 0^5, fibrin receptors. 


Tumors, inflammation 


laminin receptor subunit of the 
fibronectin receptor 


D,P 


Intercellular adhesion molecule-1 and -2 


tumors, inflammation 




P 


Jagged gene product 


tumors, inflammation 




T 


Ly-6 


tumors, inflammation 


a lymphocyte activation protein 


N 


matrix metalloproteinases 


tumors, inflammation 




D 


MHC class II 


tumors, inflammation 






Notch gene product 


tumors, inflammation 




T 


Osteopontin 


tumors 




Z 


PECAM 


tumors, inflammation 


alias CD31 


P 


nla^minonpn activator rpppntor 

f-J 1 CIO 1 1 III lUy CI 1 LI V <Zl LW 1 1 CVyCp L W 1 


tumors inflammation 

LU 1 1 IU 1 O , 1 1 1 1 1 Gil 1 1 1 1 1 Gl L 1 1 1 




zc 


nlatplpt-dprivpd nrowth factor rpopntor*? 


tumors inflammation 

LUI 1 IUI O , 1 1 1 1 1 Gt 1 1 1 1 1 1 Gl L 1 V_/ 1 1 




E 


Selectins" F- P- 


tumors inflammation 

LKA 1 1 IV-/ 1 O ^ 1 1 1 1 1 d\ 1 1 1 1 1 C4. L 1 V-/ 1 1 




D 


Sialyl Lewis-X 


tumors, inflammation 


blood group antigen 


M 


stress proteins: glucose regulated, heat 
shock families and others 


tumors, inflammation 


molecular chaperones 




svndecan 

wV 1 1 Gl 1 1 


tumors inflammation 

LU 1 1 Iv 1 O . 1 1 1 1 1 Gil 1 1 1 1 1 <LX L 1 W 1 1 




T 


thromho^nondin 

LI IIUI 1 lUUO^JUl ■ ' — J 1 ■ 1 


tumors inflammation 

LU 1 1 1 W 1 O . IIIIIGIIIIIIIGILIWII 




M 


TIE receptors 


tumors, inflammation 


tyrosine kinases with Ig- and EGF-like 
domai n^ 

< W 1 1 1 Gil 1 1 0 


E 


tissue factor 


tumors, inflammation 




Z 


tissue inhibitor of metalloproteinases 


tumors, inflammation 


e.g., TIMP-2 


U 


transforming growth factor receptor 


tumors, inflammation 




E 


urokinase-type plasminogen activator 
receptor 


tumors, inflammation 




D 


Vascular cellular adhesion molecule 
(VCAM) 


tumors, inflammation 




D 


Vascular endothelial growth factor 
related protein 


tumors, inflammation 






Vascular endothelial growth factor-A 
receptor 


tumors, inflammation 




K 


von Willebrand factor- related antigen 


tumors, inflammation 




L 
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Oligonucleotide vectors 



[0097] 



Vector type 


Receptor 


comments/areas of use 


Ref 


Oligonucleotides complementary 
to repeated sequences, e.g. genes 
for ribosomal RNA, Alu- 
sequences 


DNA made available by necrosis 


Tumours myocardial infarction All 
other diseases that involves 
necrosis 




Oligonucleotides complementary 
to disease-specific mutations (e.g. 
mutated oncogenes). 


DNA made available by necrosis 
in a region of the relevant disease 


Tumours 




Oligonucleotides complementary 
to DNA of infecting agent. 


DNA of infective agent 


Viral or bacterial infections 




Triple or quadruple-helix forming 
oligonucleotides 


As in above examples 


As in above examples 




Oligonucleotides with recognition 
sequence for DNA-or RNA- 
binding proteins 


DNA-binding protein, e.g. 
transcription factors (often 
overexpressed/ activated in 
tumours or activated endothelium/ 
immune cells 


Tumours Activated endothelium 
Activated immune cells 





Modified oligonucleotide vectors 
[0098] 



Vector type 


Receptor 


Comments/areas of use 


Ref 


Phosphorothioate oligos 


As for unmodified oligos 


As for unmodified oligos 




2' -o-methyl substituted oligos 








circular oligos 








oligos containing hairpin structure to 
decrease degradation 








oligos with terminal phosphorothioate 








2'-fluoro oligos 








2'-amino oligos 








DNA-binding drugs conjugated to 
oligos (for examples, see below) 




Increased binding affinity as compared 
to pure oligos 




Peptide Nucleic Acids (PNAs, 
oligonucleotidss with a peptide 
backbone) 




Increased binding affinity and stability 
compared to standard oligos. 





Nucleoside and nucleotide vectors 
[0099] 



Vector type 


Receptor 


Comments/areas of use 


Ref 


Adenosine or analogues 


Adenosine receptors 


Vessel wall Heart 
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Table continued 



Vector type 


Receptor 


Comments/areas of use 


Ref 


ADP, UDP, UTP and others 


Various nucleotide receptors 


Many tissues, e.g. brain, spinal cord, kidney, 
spleen 





Receptors comprising DNA-binding drugs 
[0100] 



Vector type 


Receptor 


Comments/areas of use 


Ref 


acridine derivatives distamycin 
netropsin actinomycin D 
echinomycin bleomycin etc. 


DNA made available by necrosis 


Tumours, Myocardial infarction and 
all other diseases involving necrosis 
or other processes liberating DNA 
from cells 





Receptors comprising protease substrates 
[0101] 



Vector type 


Receptor 


Comments/areas of use 


Ref 


Peptidic or non-peptidic substrates 


Cathepsin B 


Tumours, a variety of which may more or less 
specifically overexpress proteases of various kinds, 
e.g. Cathepsin B 





Receptors comprising protease inhibitors 
[0102] 



Vector type 


Receptor 


Comments/areas of use 


Ref 


Peptidic or non-peptidic inhibitors 
e.g. N -acetyl -Leu -Leu - 
norleucinal 


Cathepsin B 


Tumours, a variety of which may 
more or less specifically 
overexpress proteases of various 
kinds, e.g. Cathepsin B 




bestatin ([(2S,3R)-3-Amino-2- 
hydroxy-4-phenyl-butanoyl]-L- 
leucine hydrochloride) 


Aminopeptidases 


Tumours, e.g. on cell surfaces 




Pefabloc (4-(2- 
aminoethyl)-benzenesulfonyl 
fluoride hydrochloride) 


Serine proteases 


Tumours, vessel wall etc. 




Commercially available inhibitors 
e.g. kaptopril enalapril ricionopril 


Angiotensin converting enzyme 


Endothelial cells 




Low specificity non-peptidic 
compounds 


Coagulation factors 


Vessel wall injury, tumours, etc. 




Protease nexins (extracellular 
protease inhibitors) 


proteoglycans 






Antithrombin 


proteoglycans, Coagulation factors 







Vectors from combinatorial libraries 
[0103] 
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Vector type 


Receptor 


Comments/areas of use 


Ref 


5 


Antibodies with structure 
determined during generation 
process 


Any of above targets - or may be 
unknown when make functional 
selection of vector binding to 
chosen diseased structure 


Any diseased or normal structure 
of interest, e.g. thrombi, tumours or 
walls of myocardial vessels 




10 


Peptides with sequence 
determined during generation 
process 




ii 






Oligonucleotides with sequence 
determined during generation 
process 


« 


ii 




15 


Modifications of oligos obtained as 
above 


- 






20 


Other chemicals with structure 
determined during generation 
process 








Carbohydrate vectors 






25 


[0104] 








Vector type 


Receptor 


Comments/areas of use 


Ref 




neo-glycoproteins 


macrophages 


general activation/ inflammation 




30 


oligosaccharides with terminal 
galactose 


Asialo-glycoprotein receptor 


liver 






Hyaluronan 


aggrecan (a proteoglycan) "link 
proteins" cell-surface receptors: 
CD44 






35 


Mannose 




Blood brain barrier, Brain tumours 
and other diseases causing 
changes in BBB 






Bacterial glycopeptides 









40 

Lipid vectors 



[0105] 



Vector type 


Receptor 


Comments/areas of use 


Ref 


LDL-like lipids 


ILDL-receptor 


Atherosclerosis 





Small molecule vectors 

50 

[0106] 



Vector type 


Receptor 


Comments/areas of use 


Ref 


Adrenalin 


Corresponding receptors 






Betablockers 


Adrenergic beta-receptors 


Myocardium for beta-1 blockers 
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Table continued 



Vector type 


Receptor 


Comments/areas of use 


Ref 


Alnha-hlopkpr^ 


Afirpnprnif alnha-rpopntor^ 


Vpc;c5p| wall 




hpn7nrlia7Pr)inp c ? 








^proton in-analonup*; 


S proton in -rprpntor^ 






anti-histamines 


Histamine-receptors 


Vessel wall 




Acetyl-choline receptor 
antagonists 


ACh-receptors 






verapamil 


Ca 2+ -channel blocker 


Heart muscle 




nifedipin 


Ca 2+ -channel blocker 


Heart muscle 




Amiloride 


Na+/H+-exchanger 


Blocks this exchanges in kidney 
and is generally upregulated in 
cells stimulated by growth factors. 




Diqitalis qlycosides 


Na+/K+-ATP-ases 


myocardium peripheral 
vasculature, central nervous 
system 




Thromboxae/ Prostaglandin 
receptor antagonists or agonists 


Thromboxane/ prostaglandin 
receptors 


Vessel wall, Endothelium 




Glutathione 


Glutathione-receptors 
Leukotriene-receptors 


Lung, Brain 




Biotin 


biotin transport protein on cell 
surface 






Folate 


folate transport protein on cell 
surface 


Tumours 




Riboflavin 


riboflavin transport protein on cell 
surface 






Methotrexate 


folate transport protein on cell 
surface 






chlorambucil 


general transport mechanisms 
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[0108] The following examples serve to illustrate the concept of multiple receptor specificity. Other combinations of 
vectors, spacers and reporters and conjugation technologies leading to multiple vector incorporation are also considered 
relevant to this invention. Confirmation of the microparticulate nature of products is performed using microscopy as 
described in WO-A-9607434. Ultrasonic transmission measurements may be made using a broadband transducer to 
indicate suspensions of products giving an increased sound beam attenuation compared to a standard. Flow cytometric 
analysis of products can be used to confirm attachment of antibodies thereto. The ability of targeted agents to bind 
specifically to cells expressing a target may be studied by microscopy and/or using a flow chamber containing immobilised 
cells, for example employing a population of cells expressing the target structure and a further population of cells not 
expressing the target. Radioactive, fluorescent or enzyme-labelled streptavidin/avidin may be used to analyse biotin 
attachment. 

Example 1- Preparation and biological evaluation of multiple-specific gas-containing microbubbles of DSPS 'doped' 
with a lipopeptide consisting of a heparin sulphate binding peptide (KRKR) and afibronectin peptide (WOPPRARI). 

[0109] This example is directed at the preparation of targeted microbubbles comprising multiple peptidic vectors 
arranged in a linear sequence. 

a) Synthesis of a lipopeptide consisting of a heparin sulphate binding peptide (KRKR) and fibronectin peptide (WOP- 
PRARI). 

[0110] 




[0111] The lipopeptide was synthesised on a ABI 433A automatic peptide synthesiser starting with Fmoc-lle-Wang 
resin (Novabiochem) on a 0.1 mmol scale using 1 mmol amino acid cartridges. All amino acids and palmitic acid were 
preactivated using HBTU before coupling. 

The simultaneous removal of peptide from the resin and side-chain protecting groups was carried out in TFA containing 
5% phenol , 5% EDT, 5% anisole and 5% H 2 0 for 2 hours giving a crude product yield of 150 mg. Purification by 
preparative HPLC (Vydac 21 8TP1 022 column) of a 40 mg aliquot of crude material was carried out using a gradient of 
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70 to 100 % B over 40 min (A= 0.1 % TFA/water and B = MeOH) at a flow rate of 9 mL/min. After lyophilization 16 mg 
of pure material was obtained (Analytical HPLC; Gradient, 70-1 00%B where B= MeOH, A= 0.01% TFA/water: column 
- vydac 218TP54: Detection - UV 260 and fluorescence, Ex 280 , Em 350 - product retention time = 19.44 min). Further 
product characterization was carried out using MALDI mass spectrometry; expected, M+H at 2198, found, at 2199. 

5 

b) Preparation of gas-containing microbubbles of DSPS 'doped' with a multiple-specific lipopeptide consisting of a 
heparin sulphate binding peptide (KRKR) and fibronectin peptide (WOPPRARI). 

[0112] DSPS (Avanti, 4.5 mg) and lipopeptide from a) (0.5 mg) were weighed into each of 2 vials and 0.8 ml_ of a 
fo solution of 1 .4% propylene glycol/2.4% glycerol was added to each vial. The mixture was warmed to 80 °C for 5 minutes 
(vials shaken during warming). The samples were cooled to room temperature and the head space flushed with per- 
fluorobutane gas. The vials were shaken in a cap mixer for 45 s and the microbubbles rolled overnight. Bubbles were 
washed several times with deionised water and analysed by Coulter counter (Size: 1 -3 micron (87 %), 3-5 micron (1 1 .5%)) 
and acoustic attenuation (frequency max att.: 3.5 MHz). The microbubbles were stable at 120 mm Hg. 
15 MALDI mass spectral analysis was used to confirm incorporation into DSPS microbubbles as follows; ca. 0.05-0.1 mL 
of microbubble suspension was transferred to a clean vial and 0.05-0.1 mL methanol added. The suspension was 
sonicated for 30 s and the solution analysed by MALDI MS. Positive mode gave M+H at 2200, expected for lipopeptide, 
2198. 

20 c) In vitro study of gas-containing microbubbles of DSPS 'doped' with a multiple-specific lipopeptide consisting of a 
heparin sulphate binding peptide (KRKR) and fibronectin peptide (WQPPRARI): binding to endothelial cells under flow 
conditions 

[01 1 3] The human endothelial cell line ECV 304, derived from a normal umbilical cord (ATCC CRL-1 998) was cultured 
25 in 260 mL Nunc culture flasks (chutney 153732) in RPMI 1640 medium (Bio Whittaker) to which L-Glutamine 200 mM, 
Penicillin/ Streptomycin (10.000 U/mL and 10.000 mcg/mL) and 10% Fetal Bovine Serum (Hyclone Lot no. AFE 5183) 
were added. 

The cells were subcultured with a split ratio of 1 :5 to 1 :7 when reaching confluence. 

Cover-glasses, 22mm in diameter (BDH, Cat no. 406/01 89/40) were sterilised and placed on the bottom of 1 2 well culture 

30 plates (Costar) before cells in 0,5 mL complete medium with serum was added on top. 

When the cells reached confluence the coverslips were placed in a custom made flow-chamber. The chamber consists 
of a groove carved into a glass plate upon which the cover slip with cells was placed with the cells facing the groove 
forming a flow channel. Ultrasound microbubbles from section b) were passed from a reservoir held at 37 degree Celsius 
through the flow chamber and back to the reservoir using a peristaltic pump. The flow rate was adjusted to simulate 

35 physiological relevant shear rates. The flow chamber was placed under a microscope and the interaction between the 
microspheres and cells viewed directly. A camera mounted on the microscope was connected to a colour video printer 
and a monitor. 

A gradual accumulation of the microbubbles on the cells took place which was dependant on the flow rate. By increasing 
the flow rate the cells started to become detached from the coverslip, the microbubbles were still bound to the cells. 
40 Control bubbles not carrying the vector did not adhere to the endothelial cells and disappeared from the cells under 
minimal flow conditions. 

d) In vivo experiment in dog 

45 Case 1) 

[01 14] A 22 kg mongrel dog was anaesthetized with pentobarbital and mechanically ventilated. The chest was opened 
by a midline sternotomy, the anterior pericardium was removed, and a 30 mm gelled silicone rubber spacer was inserted 
between the heart and a P5-3 transducer of an ATL HDI-3000 ultrasound scanner. The scanner was set for intermittent 

50 short axis imaging once in each end-systole by delayed EGC triggering. 

A net volume of 2 mL of microbubbles from b) were injected as a rapid intravenous bolus. 3 seconds later, the imaged 
right ventricle was seen to contain contrast material, another 3 seconds later, the left ventricle was also filled, and a 
transient attenuation shadow that obscured the view of the posterior parts of the left ventricle was observed. A substantial 
increase in brightness of the myocardium was seen, also in the portions of the heart distal to the left ventricle when the 

55 attenuation shadow subsided. 

After passage of the inital bolus, the ultrasound scanner was set to continuous, high frame rate high output power 
imaging, a procedure known to cause destruction of utrasound contrast agent bubbles in the imaged tissue regions. 
After a few seconds, the scanner was adjusted back to its initial setting. The myocardium was then darker, and closer 
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to the baseline value. Moving the imaged slice to a new position resulted in re-appearance of contrast effects, moving 
the slice back to the initial position again resulted in a tissue brightness again close to baseline. 

Case 2) [comparative ] 

[0115] A net volume of 2 mL microbubbles prepared in an identical manner to b) above with the exception that no 
lipopeptide was included in the preparation was injected, using the same imaging procedure as above. The myocardial 
echo enhancement was far less intense and of shorter duration than observed in case 1 . At the completion of the left 
ventricular attenuation phase, there was also almost complete loss of myocardial contrast effects, and a myocardial 
echo increases in the posterior part of the left ventricle as in case 1 was not observed. 

Example 2 - Multiple-specific gas-containing microbubbles of DSPS 'doped' with RGDC-Mal-PEG? nnn -DSPE and a 
lipopeptide consisting of a heparin sulphate binding peptide (KRKR) and fibronectin peptide (WOPPRARI) 

[01 16] This example is directed at the preparation of targeted microbubbles comprising multiple peptidic vectors. 

a) Synthesis of 3-Maleimidopropionylamido-PEG 9 nnn -acyl distearoyl phosphatidylethanolamine (PE- PEG- MAL) 

[0117] A mixture of distearoyl phosphatidyl ethanolamine (DSPE), (37.40 mg, 0.005 mmol), N-hydroxysuccinimido- 
PEG 20 oo" ,T,ale ' IT, ' de ' NHS-PEG-MAL, (1 00 mg, 0.25 mmol) and triethylamine (35 julI, 0.25 mmol) in a solution of chloro- 
form/methanol (3:1) was stirred at room temperature for 24 hours. After evaporation of the solvents under reduced 
pressure, the residue was purified by flash chromatography (chloroform/methanol, 8:2). The product was obtained as 
a white wax, 92 mg (66%) and structure was verified by NMR and maldi-MS. 

b) Synthesis of RGDC 

[01 18] The RGDC peptide was synthesised on a ABI 433A automated peptide synthesiser (0.25 mmol scale, Fmoc- 
Cys(Trt)-Wang resin, (Novabiochem). All amino acids were activated using HBTU. The crude peptide was removed from 
the resin and simultaneously deprotected in TFA containing 5% EDT, 5% phenol and 5% water. Following evaporation 
of the excess cleavage solution the peptide was precipitated and triturated several times with diethyl ether before air 
drying. The crude peptide was purified by preparative hplc and fractions containing pure product combined and freeze 
dried. Final characterisation was performed using analytical hplc and MALDI MS. 

c) Preparation of multiple-specific gas-filled microbubbles encapsulated by phosphatidylserine and 'doped' with RGDC- 
Mal-PEG qAn n -DSPE and a lipopeptide comprising a heparin sulphate binding peptide (KRKR) and fibronectin peptide 
(WOPPRARI). 

[0119] DSPS (Avanti, 5.0 mg), lipopeptide (0.5 mg) from example 1 a) and PE-PEG-MAL (0.5 mg) from section a) 
was weighed into a clean vial and 1 .0 mL of a solution of 1 .4% propylene glycol/ 2.4% glycerol added. The mixture was 
sonicated for 3-5 mins, warmed to 80 °C for 5 minutes then filtered through a 4.5 micron filter. The mixture was cooled 
to room temperature and the head space flushed with perfluorobutane gas. The vials were shaken in a cap mixer for 45 
s and the microbubbles centrifuged at 1000 rpm for 3 minutes. The infranatant was exchanged with 1 mL of PBS 
containing 1 mg of the peptide RGDC and the pH adjusted to 8. The conjugation reaction was allowed to proceed for 2 
h. The bubbles were washed in PBS then with water until all unreacted RGDC had been removed from the infranatant 
as observed by MALDI-MS. The microbubbles were further analysed by Coulter counter (98% between 1 and 7 micron). 

d) In vitro binding assay. 

[0120] The binding of microbubbles to endothelial cells was carried out under flow conditions using the in vitro assay 
described in example 1 . c). A gradual accumulation of the microbubbles on the cells took place which was dependant 
on the flow rate. Control bubbles not carrying the vectors did not adhere to the endothelial cells detaching from the cells 
under minimal flow conditions. 

Example 3) Preparation of multiple-specific gas-containing microbubbles encapsulated with DSPS and thiolated anti- 
CD62-Mal-PEG Qn nn-PE and thiolated- anti- ICAM- 1-Mal- PEG Qn nn-PE 



[0121] This example is directed at the preparation of microbubbles comprising multiple antibody vectors for targeted 
ultrasound. 
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a) Preparation of gas-containing microbubbles encapsulated with DSPS and PE-PEG 9nnn -MAL 

[01 22] DSPS (Avanti, 4.5 mg) and PE-PEG 20 oo- Ma l e i |T| i cle from example 2 a) (0.5 mg) were weighed into a clean vial 
and 1 ml_ of a solution of 1 .4% propylene glycol/2.4% glycerol added. The mixture was warmed to 80 °C for 5 minutes 
5 then filtered through a 4.5 micron filter. The sample was cooled to room temperature and the head space flushed with 
perfluorobutane gas. The vials were shaken in a cap mixer for 45 s and the microbubbles washed three times with 
distilled water. 

b) Thiolation of anti-CD62 and anti-ICAM-1 antibodies 

10 

[0123] To 0.3 mg each of anti-CD62 and anti-ICAM-1 antibodies dissolved in PBS buffer (pH 7, 0.5 ml_) was added 
Traut's reagent and the solutions stirred at room temperature for 1 h. Excess reagent was separated from the modified 
protein on a NAP-5 column (Pharmacia). 

15 c) Conjugation of thiolated anti-CD62 and anti-ICAM-1 antibodies to gas-containing microbubbles encapsulated with 
DSPS and DSPE-PEG? nnn -MAL 

[0124] 0.5 ml_ of the mixed thiolated antibody preparation from b) was added to an aliquot of microbubbles from a) 
and the conjugation reaction allowed to proceed for 30 min on a roller table. Following centrifugation at 2000 rpm for 5 
20 min the infranatant was removed. The microbubbles were washed a further three times with water. 

[0125] The PEG spacer length may also be varied to include longer e.g. PEG 34 oo and PEG 5000 or shorter e.g. PEG 600 
or PEGqqo chains. Addition of a third antibody such as thiolated-anti-CD34 is also envisaged. 

Example 4) Targeted multiple-specific gas-containing microbubbles of DSPS coated non-covalently with polylysine 
25 and a fusion peptide comprising a PS binding component and a Fibronectin peptide sequence NH 9 F.N. 
F.R.L.K.A.G.O.K.I.R.F.G.G.G.G.W.O.P.P.R.A.I.OH . 

a) Synthesis of PS binding/Fibronectin fragment fusion peptide NH^F.N.F.R.L.K.A.G.O.K.I 
R.F.G.G.G.G.W.O.P.P.R.A.I.OH. 



[0126] The peptide was synthesised on an ABI 433A automatic peptide synthesiser starting with Fmoc-lle-Wang resin 
(Novabiochem) on a 0.1 mmol scale using 1 mmol amino acid cartridges. All amino acids were preactivated using HBTU 
before coupling. 

The simultaneous removal of peptide from the resin and side-chain protecting groups was carried out in TFA containing 
35 5% phenol , 5% EDT and 5% H 2 0 for 2 hours giving a crude product yield of 302 mg. Purification by preparative HPLC 
(Vydac 21 8TP1 022 column) of a 25 mg aliquot of crude material was carried out using a gradient of 20 to 40 % B over 
40 min (A= 0.1 % TFA/water and B = 0.1 % TFA/aceto nit rile) at a flow rate of 9 mL/min. After lyophilization 10 mg of 
pure material was obtained (Analytical HPLC; Gradient, 20 to 50% B where B= 0.1% TFA/acetonitrile, A= 0.01% TFA/ 
water: column - vydac 218TP54: Detection - UV 214 and 260 nm - product retention time = 12.4 min). Further product 
40 characterization was carried out using MALDI mass spectrometry; expected, M+H at 2856, found, at 2866. 

b) Preparation of microbubbles of DSPS coated non-covalently with polylysine and the PS binding/Fibronectin fragment 
fusion peptide NHqF.N.F.R.L.K.A.G.O.K.I.R.F.G.G.G.G.W.O.P.P.R.A.I.OH. 

45 [0127] DSPS (5 mg, Avanti) was weighed into a clean vial along with poly-L-lysine (Sigma, 0.2 mg) and peptide from 
a) above (0.2 mg). To the vial was added 1 .0 ml_ of a solution of 1 .4% propylene glycol/ 2.4% glycerol. The mixture was 
warmed to 80 °C for 5 minutes. The sample was cooled to room temperature and the head space flushed with perfluor- 
obutane gas. The vials were shaken in a cap mixer for 45 s and the microbubbles centrifuged at 1 000 rpm for 3 minutes. 
Following extensive washing with water, PBS and water the final solution was examined for polylysine and peptide 

50 content using MALDI MS. No polypeptide material was observed in the final wash solution. 

Acetonitrile (0.5 mL) was then added and the microbubbles destroyed by sonication. Analysis of the resulting solution 
for polylysine and PS-binding/fibronectin fusion peptide was then carried outusing MALDI MS. The results were as follows: 



30 



MALDI expected 



MALDI found 



55 



Poly-L-lysine 



786, 914, 1042, 1170 



790, 919, 
1048, 1177 
2866 



DSPS-binding peptide 2856 
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[0128] The spacer element contained within the PS binding/Fibronectin fusion peptide (-GGG-) can also be replaced 
with other spacers such as PEG 20 oo or P°' v alanine (-AAA-). It is also envisaged that a form of pre-targeting may be 
employed, whereby the DSPS binding/Fibronectin fragment fusion peptide is firstly allowed to associate with cells via 
the fibronectin peptide binding. This is followed by administration of PS microbubbles which then bind to the PS binding 
5 peptide. 

Example 5 - Multiple-specific gas-containing microbubbles encapsulated with phosphatidylserine and biotin-PEG q ^ nn 
-alanyl-cholesterol and functionalised with streptavidin/biotinyl-endothelin-1 peptide (biotin-D-Trp-Leu-Asp-lle-lle- 
Trp.OH) and biotinyl-fibrin-anti-polymerant peptide (biotin-GPRPPERHOS,NH?) 

10 

[0129] This example is directed at the preparation of targeted ultrasound microbubbles whereby streptavidin is used 
as a linker between biotinylated reporter(s) and vector(s). 

a) Synthesis of biotin-PEG q ^ n n -3-Alanine cholesterol 

15 

[01 30] To a solution of cholesteryl-|3-alanine hydrochloride (15 mg, 0.03 mmol) in 3 ml_ chloroform/wet methanol (2.6: 
1), was added triethylamine (42 mL, 0.30 mmol). The mixture was stired for 10 minutes at room temperature and a 
solution of biotin-PEG 3400 -NHS (100 mg, 0.03 mmol) in 1 ,4-dioxan (1 mL) was added dropwise. After stirring at room 
temperature for 3 h, the mixture was evaporated to dryness and the residue purified by flash chromatography to give 
20 white crystals, yield ; 102 mg (89%). The structure was verified by MALDI-MS and NMR. 

b) Synthesis of biotinylated endothelin-1 peptide (biotin-D-Trp-Leu-Asp-lle-lle-Trp.OH) 

[01 31 ] The peptide was synthesised on a ABI 433A automatic peptide synthesiser starting with Fmoc-Trp(Boc)-Wang 
25 resin (Novabiochem) on a 0.1 mmol scale using 1 mmol amino acid cartridges. All amino acids were preactivated using 
HBTU before coupling. 

The simultaneous removal of peptide from the resin and side-chain protecting groups was carried out in TFA containing 
5% anisole and 5% H 2 0 for 2 hours giving a crude product yield of 75 mg. Purification by preparative HPLC (Vydac 
21 8TP1 022 column) of a 20 mg aliquot of crude material was carried out using a gradient of 30 to 80 % B over 40 min 
30 (A= 0.1 % TFA/water and B = 0.1 % TFA/aceto nit rile) and a flow rate of 9 mL/min. After lyophilization of the pure fractions 
2 mg of pure material was obtained (Analytical HPLC; Gradient, 30-80 %B where B = 0.1 % TFA/acetonitrile, A= 0.01% 
TFA/water: column - vydac 218TP54: Detection - UV 214 nm - product retention time = 12.6 min). Further product 
characterization was carried out using MALDI mass spectrometry; expected, M+H at 1077, found, 1077. 

35 C ) Synthesis of biotinyl-fibrin-anti-polymerant peptide (Biotin-GPRPPERHOS.NH 9 ) 

[0132] This peptide was synthesised and purified using similar protocols to those described in section b) above. The 
pure product was characterised by hplc and MALDI MS. 

40 d) Preparation of multiple-specific gas-filled microbubbles encapsulated with phosphatidylserine and biotin-PEG ^nn- 
[3-Alanine cholesterol 

[0133] DSPS (Avanti, 4.5 mg) and biotin-PEG 340C) -P-Alanine cholesterol from section a) (0.5 mg) were weighed into 
a vial and 0.8 mL of a solution of 1 .4% propylene glycol/2.4% glycerol added. The mixture was warmed to 80 °C for 5 
45 minutes (vials shaken during warming). The sample was cooled to room temperature and the head space flushed with 
perfluorobutane gas. The vial was shaken in a cap mixer for 45 s and the microbubbles rolled overnight. The microbubble 
suspension was washed several times with deionised water and analysed by Coulter counter and acoustic attenuation. 

e) Conjugation with fluorescein labelled streptavidin and biotinylated peptides from section b) and c) . 

50 

[0134] To the microbubble preparation from d) was added fluorescein conjugated streptavidin (0.2 mg) dissolved in 
PBS (1 mL). The bubbles were placed on a roller table for 3 h at room temperature. Following extensive washing with 
water and analysis by fluorescence microscopy the microbubbles were incubated in 1 mL of PBS containing biotinyl- 
Endothelin-1 peptide (0.5 mg) and biotinyl-Fibrin-anti-polymerant peptide (0.5 mg) from sections b) and c) respectively 
55 for 2 h. Extensive washing of the microbubbles was performed to remove unconjugated peptide. 
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Example 6 - Multiple-specific gas-filled microbubbles encapsulated with phosphatidylserine and a biotinylated lipopep- 
tide used to prepare a streptavidin 'sandwich' with a mixture of biotinyl-endothelin-1 peptide (biotin-D-Trp-Leu-Asp-lle- 
lle-Trp.OH) and biotinyl-fibrin-anti-polymerant peptide (biotin-GPRPPERHOS.NH?) 

a) Synthesis of lipopeptide dipalmitoyl-lysinyl-tryptophanyl-lysinyl-lysinyl-lysinyl(biotinyl)-glycine 

[0135] The lipopeptide was synthesised on a ABI 433A automatic peptide synthesiser starting with Fmoc-Gly-Wang 
resin (Novabiochem) on a 0.1 mmol scale using 1 mmol amino acid cartridges. All amino acids and palmitic acid were 
preactivated using HBTU before coupling. 

The simultaneous removal of peptide from the resin and side-chain protecting groups was carried out in TFA containing 
5% phenol , 5% EDT, 5% anisole and 5% H 2 0 for 2 hours giving a crude product yield of 150 mg. Purification by 
preparative HPLC (Vydac 21 8TP1 022 column) of a 40 mg aliquot of crude material was carred out using a gradient of 
70 to 100 % B over 40 min (A= 0.1 % TFA/water and B = MeOH) at a flow rate of 9 mL/min. After lyophilization 14 mg 
of pure material (Analytical HPLC; Gradient, 70-1 00%B where B= MeOH, A= 0.01 % TFA/water: column - vydac 21 8TP54: 
Detection - UV 260 and fluorescence, Ex280, Em350 - product retention time = 22 min). Further product characterization 
was carried out using MALDI mass spectrometry; expected, M+H at 1478, found, 1471 . 

b) Preparation of gas-containing microbubbles of DSPS 'doped' with the biotinylated lipopeptide sequence from section 

[0136] DSPS (Avanti, 4.5 mg) and lipopeptide from a) (0.5 mg) were weighed into each of 2 vials and 0.8 ml_ of a 
solution of 1 .4% propylene glycol/2.4% glycerol was added to each vial. The mixture was warmed to 80 °C for 5 minutes 
(vials shaken during warming). The samples were cooled to room temperature and the head space flushed with per- 
fluorobutane gas. The vials were shaken in a cap mixer for 45 s and the microbubbles formed rolled overnight. The 
microbubbles were washed several times with deionised water and analysed by Coulter counter and acoustic attenuation. 
MALDI mass spectral analysis was used to confirm incorporation into DSPS microbubbles as described in example 1 b). 

c) Preparation of multiple-specific gas-filled microbubbles encapsulated with phosphatidylserine and a biotinylated 
lipopeptide and functionalised with streptavidin/biotinyl-endothelin-1 peptide (biotin-D-Trp-Leu-Asp-lle-lle-Trp.OH)/bi- 
otinyl-fibrin-anti-polymerant peptide (biotin-GPRPPERHOS.NH Q ) 

[01 37] The microbubble preparation from b) above was treated in an analogous manner to that described in example 
5 section e). 

Example 7 - Multiple-specific gas-filled microbubbles encapsulated with phosphatidylserine and biotin-DPPE used to 
prepare a streptavidin 'sandwich' with a mixture of biotinyl-endothelin-1 peptide (biotin-D-Trp-Leu-Asp-lle-lle-Trp.OH) 
and biotinyl-fibrin-anti-polymerant peptide (biotin-GPRPERHOS.NH Q ). 

a) Preparation of biotin containing microbubbles. 

[0138] To a mixture of phosphatidylserine (5 mg, Avanti) and biotin-DPPE (0.6 mg, Pierce) in a clean vial was added 
5% propyleneglycol-glycerol in water (1 mL). The dispersion was heated to 80 °C for 5 minutes and then cooled to 
ambient temperature. The head space was then flushed with perfluorobutane and the vial shaken in a cap-mixer for 45 
seconds. After centrifugation the infranatant was removed and the microbubbles formed washed extensively with water. 

b) Conjugation of gas-filled microbubbles encapsulated with phosphatidylserine and biotin-DPPE with streptavidin and 
a mixture of biotinyl-Endothelin-1 (biotin-D-Trp-Leu-Asp-lle-lle-Trp.OH) and biotinyl-Fibrin-anti-polymerant peptide (bi- 
otin-GPRPPERHOS.NH 9 ) 

[0139] The procedure detailed in example 5 section e) was followed. 

Example 8 - Multiple-specific gas-filled microbubbles encapsulated with phosphatidylserine, streptavidin-Succ-PEG- 
DSPE and a mixture of biotinylated human endothelium IgG antibody and biotinylated transferrin 

a) Synthesis of Succ-PEG^ n n -DSPE 

[0140] NH 2 -PEG 3 4 00 -DSPE is carboxylated using succinic anhydride, e.g. by a similar method to that described by 
Nayar, R. and Schroit, A.J. in Biochemistry (1985) 24, 5967-71. 



36 



EP 1 007 101 B1 

b) Preparation of gas-filled microbubbles encapsulated with phosphatidylserine and Succ-PEG ^ nn -DSPE 

[0141] To a mixture (5 mg) of phosphatidylserine (90-99.9 mol%) and Succ-PEG 3400 -DSPE (10-0.1 mol%) is added 
5% propyleneglycol-glycerol in water (1 ml_). The dispersion is heated to not more than 80 °C for 5 minutes and then 
5 cooled to ambient temperature. The dispersion (0.8 ml_) is transferred to a vial (1 mL) and the head space is flushed 
with perfluorobutane. The vial is shaken in a cap-mixer for 45 seconds, whereafter the sample is put on a roller table. 
After centrifugation the infranatant is exchanged with water and the washing is repeated. 

c) Coupling of streptavidin to gas-filled microbubbles encapsulated with phosphatidylserine and Succ-PEG q 4nn -DSPE 

10 

[0142] Streptavidin is covalently bound to Succ-PEG 3400 -DSPE in the membrane by standard coupling methods using 
a water-soluble carbodiimide. The sample is placed on a roller table during the reaction. After centrifugation the infranatant 
is exchanged with water and the washing is repeated. The functionality of the attached streptavidin is analysed by 
binding, e.g. to fluorescently labeled biotin, biotinylated antibodies (detected with a fluorescently labeled secondary 
15 antibody) or biotinylated and fluorescence- or radioactively- labeled oligonucleotides. Analysis is performed by fluores- 
cence microscopy or scintillation counting. 

d) Preparation of multiple-specific gas-filled microbubbles encapsulated with phosphatidylserine and streptavidin-Succ- 
PEG 340 n -DSPE non- covalently functionalised with biotinylated human transferrin and human endothelium IgG antibody 

20 

[0143] Microbubbles from section c) are incubated in a solution containing human transferrin and human endothelium 
IgG antibody biotinylated using the method described by Bayer et al., Meth. Enzymol., 62, 308. The vector-coated 
microbubbles are washed as described above. 

25 Example 9 - Multiple-specific gas-filled microbubbles encapsulated with phosphatidylserine/streptavidin-Succ-PEG- 
DSPE and the oligonucleotides biotin-GAAAGGTAGTGGGGTCGTGTGCCGG and biotin-GGCGCTGATGATGTT- 
GTTGATTCTT 

a) Synthesis of Succ-PEG^ n n -DSPE 

30 

[0144] Described in example 8 a) 

b) Preparation of gas-filled microbubbles encapsulated with phosphatidylserine and Succ-PEG ^ nn -DSPE 
35 [0145] Described in example 8 b). 

c) Coupling of streptavidin to gas-filled microbubbles encapsulated with phosphatidylserine and Succ-PEG^ nn -DSPE 
[0146] Described in example 8 c). 

40 

d) Preparation of gas-filled microbubbles encapsulated with phosphatidylserine/streptavidin-Succ-PEG-DSPE and the 
oligonucleotides biotin-GAAAGGTAGTGGGGTCGTGTGCCGG and biotin-GGCGCTGATGATGTTGTTGATTCTT 

[0147] Microbubbles from section c) are incubated in a solution containing a mixture of biotin-GAAAGGTAGT- 
45 GGGGTCGTGTGCCGG and biotin-GGCGCTGATGATGTTGTTGATTCTT. The oligonucleotide-coated microbubbles 
are washed as described above. Binding of the oligonucleotide to the bubbles is detected e.g. by using fluorescent- 
labeled oligonucleotides for attachment to the bubbles, or by hybridising the attached oligonucleotide to a labeled (flu- 
orescence or radioactivity) complementary oligonucleotide. The functionality of the oligonucleotide-carrying microbubbles 
is analysed, e.g. by hybridising the bubbles with immobilized DNA-containing sequences complementary to the attached 
50 oligonucleotide. 

[0148] Other useful examples include an oligonucleotide complementary to ribosomal DNA (of which there are many 
copies per haploid genome) and an oligonucleotide complementary to an oncogene (e.g. ras of which there is one copy 
per haploid genome) are used. 

55 
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Example 10 - Multiple-specific gas-filled microbubbles encapsulated with phosphatidylserine and phosphatidyleth- 
anolamine covalently functionalised with the fibronectin and transferrin proteins 

a) Microbubbles preparation. 

[0149] DSPS (Avanti, 4.5 mg) and DSPE (Avanti, 1.0 mg) were weighed into a clean vial and 1 ml_ of a solution of 
1 .4% propylene glycol/2.4% glycerol added. The mixture was warmed to 80 °C for 5 minutes then filtered through a 4.5 
micron filter. The sample was cooled to room temperature and the head space flushed with perfluorobutane gas. The 
vial was shaken in a cap mixer for 45 s and the microbubbles washed two times with distilled water then resuspended 
in 0.1 M sodium borate buffer pH 9. 

b) Modification of Fibronectin/Transferrin. 

[0150] Fibronectin ( 0.5 mg) and transferrin (1 .3 mg) were mixed in PBS and a solution containing NHS-fluorescin in 
DMSO added. The mixture was stirred at room temperature for 1 hour then the protein purified on a Superdex 200 
column. The fluorescein-labelled protein mixture in phosphate buffer pH 7.5 was freeze dried. 

c) Microbubble modification. 

[0151] The freeze-dried product from b) was re-dissolved in 0.5 ml_ water and to the fluorescein labelled fibronectin/ 
transferrin mixture was added 0.1 mmol of the crosslinker SDBP (Pierce). The solution was incubated on ice for 2 hours, 
charged on a NAP-5 column and eluted with PBS. To this was added 1 ml_ of the microbubble suspension from a) and 
incubation allowed to proceed for 2 h at room temperature on a roller table. Unreacted material was removed by allowing 
the microbubbles to float then replacing the buffer with water, this process was repeated 3 times. 

Example 1 1 ) Preparation of multiple-specific hollow polymer particles incorporating avidin in the polymer wall conjugated 
with the oligonucleotide biotin-GGCGCTGATGATGTTGTTGATTCTT and the endothelin-1 peptide biotin-D-Trp-Leu- 
Asp-lle-lle-Trp.OH 

[01 52] This example is directed at the preparation of polymeric ultrasound contrast agents comprising multiple vectors 
attached to no n -surfactant for targeting/therapeutic applications. 

a) Preparation of polymer particles incorporating avidin in the polymer wall 

[0153] Hollow polymer particles of P73 (as described in patent WO 96/07434) containing avidin were prepared by a 
process involving the freeze-drying of an oil-in-water emulsion using the following procedure: An oil solution was prepared 
by dissolving 0.25 g of the biodegradable polymer P73 [poly(ethylidene bis(1 6-hydroxyhexadecanoate) co (adipic acid)] 
in 5 ml_ of camphene at 60 °C. To 0.2 ml_ of the oil solution was added 2 mg avidin. An aqueous solution was then 
prepared by dissolving 0.4 g of the polymer, a-(1 6-hexadecanoyloxyhexadecanoyl)-w-methoxypolyoxyethylene ester, 
in 20 ml_ of water at 60 °C. The oil solution (0.2 ml_) was then mixed with of the aqueous solution (0.8 ml_) in a vibromixer 
(Capmix) for 15 s to form the oil-in-water emulsion. The emulsion was frozen in dry ice and methanol then dried at a 
pressure of 200 mTorr for 24 h to remove excess solvent. The powder was reconstituted as a suspension of hollow 
particles by addition of 1 .0 mL water. The resulting ultrasound contrast agent was confirmed by microscopy observation, 
Coulter size distribution, acoustic attenuation and resistance to external pressure. 

b) Synthesis of biotin-D-Trp-Leu-Asp-lle-lle Trp, OH 
[0154] Described in example 5 b). 

c) Conjugation of polymer particles incorporating avidin. 

[01 55] The particles from a) were centrifuged and the supernatant replaced with 1 mL of PBS buffer pH 7.5 containing 
0.2 mg of biotin-GGCGCTGATGATGTTGTTGATTCTT and 0.2 mg of biotin-D-Trp-Leu-Asp-lle-lle-Trp.OH from b) above. 
After incubation for 24 h the particles were washed extensively with PBS and water. 
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Example 12 - Functionalisation of gas-filled albumin microspheres (GAM) with biotin for multiple-specific targeting 

a) Preparation of biotinylated albumin microspheres 

[0156] A homogeneous suspension of GAM (6x1 0 8 particles/mL) in 5 mg/mL albumin was used, with all manipulations 
being carried out at room temperature. Two 10 ml_ aliquots were centrifuged (170 x g, 5 minutes) to promote floatation 
of the microspheres and 8 ml_ of the underlying infranatant was removed by careful suction and replaced by an equal 
volume of air-saturated phosphate buffered saline, the preparations being rotated for 15-20 minutes to resuspend the 
microspheres. This procedure was repeated twice, whereafter only negligible amounts of free non-microsphere-asso- 
ciated albumin were assumed to remain. 50 julI of NHS-biotin (10 mM in dimethylsulphoxide) was added to one of the 
aliquots (final concentration 50 |mM); the other (control) aliquot received 50 jutl of dimethylsulphoxide. The tubes containing 
the samples were rotated for 1 hour whereafter 20 julI portions of 50% aqueous glutaraldehyde were added to each tube 
to crosslink the microspheres. After rotation for another hour the tubes were positioned vertically overnight to allow 
floatation of the microspheres. The next day, the suspensions were washed twice with phosphate buffered saline con- 
taining 1 mg/mL human serum albumin (PBS/HSA) and were resuspended in PBS/HSA after the last centrifugation. 
In order to determine the presence of microsphere-associated biotin, streptavidin conjugated to horseradish peroxidase 
(strep-HRP) was added to both suspensions and the tubes were rotated for 1 hour to allow for reaction. The microspheres 
were then washed three times, resuspended in 1 00 mM citrate-phosphate buffer (pH 5) containing 0.1 mg/mL phenylen- 
ediamine dihydrochloride and 0.01% hydrogen peroxide, and rotated for 10 minutes. Development of a yellow-green 
colour was indicative of the presence of enzyme. The following results were obtained: 

Sample Colour development 

Biotinylated spheres + strp-HRP 2+ 
Control spheres + strp-HRP + 

This confirms that GAM were biotinylated. 

b) Multiple-specific gas-containing microparticles 

[0157] The biotinylated microspheres are then used to prepare multiple-specific targeting products in an analogous 
manner to those exemplified in examples 5), 6) and 7). 

Example 13 - Multiple-specific gas-containing microbubbles of DSPS functionalised with Heparin sulphate binding 
peptide/Fibronectin peptide/RGD peptide and fluorescein. 

a) Synthesis of a lipopeptide containing the RGD sequence and a fluorescein reporter group: Dipalmitoyl-Lys-Lys-Lys- 
Lys[Acetyl-Arg-Gly-Asp-Lys(Fluorescein)]Gly.OH 

[0158] 




[0159] The lipopeptide was synthesised as described in example 1) using commercially available amino acids and 
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polymers. The lipopeptide was cleaved from the resin in TFA containing 5 % water, 5 % phenol, 5 % EDT for 2 h. 
Following evaporation in vacuo the crude product was precipitated and triturated with diethyl ether. Purification by 
preparative HPLC (Vydac 218TP1022 column) of a 40 mg aliquot of crude material was carried out using a gradient of 
60 to 100 % B over 40 min (A= 0.1 % TFA/water and B = 0.1 % TFA/acetonitrile) at a flow rate of 9 mL/min. After 
lyophilization 10 mg of pure material (Analytical HPLC; Gradient, 60-100 %B where B= 0.1 % TFA/acetonitrile), A= 
0.01% TFA/water: column - vydac 218TP54: Detection - UV 260 -product retention time = 20-22 min). Further product 
characterization was carried out using MALDI mass spectrometry; expected, M+H at 1922, found, at 1920. 

b) Synthesis of a lipopeptide containing a heparin sulphate binding sequence and a fibronectin peptide 
[0160] Synthesis and purification described in example 1 a). 

c) Preparation of multiple-specific gas-containing microbubbles of DSPS functionalised with a heparin sulphate binding 
peptide a fibronectin peptide, acetyl-RGD peptide and fluorescein. 

[01 61 ] DSPS (Avanti, 4 mg) and lipopeptide from a) (0.5 mg, 0.2 mmol) and lipopeptide from b) (0.5 mg) were weighed 
into each of 2 vials and 0.8 ml_ of a solution of 1 .4% propylene glycol/2.4% glycerol was added to each vial. The mixture 
was warmed to 80 °C for 5 minutes (vials shaken during warming). The samples were cooled to room temperature and 
the head space flushed with perfluorobutane gas. The vials were shaken in a cap mixer for 45 s and the microbubbles 
formed rolled overnight. The microbubbles were washed several times with deionised water and analysed by MALDI 
mass spectrometry as described in example 1 b). The microbubbles following analysis by microscopy were seen to 
consist of a range of sizes between 1 and 5 micron. Furthermore the microbubbles were fluorescent. 

Example 1 4. Multiple-specific gas containing microbubbles of DSPS covalently modified with CD71 FITC-labelled anti- 
transferrin receptor antibody and 'doped' with a lipopeptide with affinity for endothelial cells 

[0162] This example is directed at the preparation of multiple vector targeted ultrasound agents. 

a) Synthesis of an endothelial cell binding lipopeptide : 2-n-hexadecylstearyl-Lys-Leu-Ala-Leu-Lys-Leu-Ala-Leu-Lys- 
Ala-Leu-Lys-Ala-Ala-Leu-Lys-Leu-Ala-NH 9 , 

[0163] The lipopeptide shown below was synthesised on a ABI 433A automatic peptide synthesiser starting with a 
Rink amide resin on a 0.1 mmol scale using 1 mmol amino acid cartridges. 




[01 64] All amino acids and 2-n-hexadecylstearic acid were preactivated using HBTU before coupling. The simultaneous 
removal of peptide from the resin and side-chain protecting groups was carried out in TFA containing 5% EDT, and 5% 
H 2 0 for 2 hours giving a crude product yield of 150 mg. Purification by preparative HPLC (Vydac 218TP1022 column) 
of a 40 mg aliquot of crude material was carried out using a gradient of 90 to 1 00 % B over 50 min (A= 0.1 % TFA/water 
and B = MeOH) at a flow rate of 9 mL/min. After lyophilization 10 mg of pure material was obtained (Analytical HPLC; 
Gradient, 90-1 00%B where B= MeOH, A= 0.01 % TFA/water: column - vydac 21 8TP54: Detection - UV 21 4 nm - product 
retention time = 23 min). Further product characterization was carried out using MALDI mass spectrometry; expected, 
M+H at 2369, found, at 2373. 

b) Preparation of gas-containing microbubbles of DSPS 'doped' with a endothelial cell binding lipopeptide and PE- 
PEGo 000 -MAL 

[0165] DSPS (Avanti, 4.5 mg) and lipopeptide from a) (0.5 mg) along with PE-PEG 2 oocrMaleimide from example 2 
(0.5 mg) were weighed into a clean vial and 1 mL of a solution of 1 .4% propylene glycol/2.4% glycerol added. The mixture 
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was warmed to 80 ° C for 5 minutes then filtered through a 4.5 micron filter. The sample was cooled to room temperature 
and the head space flushed with perf luorobutane gas. The vials were shaken in a cap mixer for 45 s and the microbubbles 
washed three times with distilled water. 

c) Thiolation of FITC-labelled anti-transferrin receptor antibody. 

[0166] FITC labelled CD71 anti-transferrin receptor Ab (100 mg/mL, Becton Dickinson), 0.7 ml_, in PBS was modified 
with Traut's reagent (0.9 mg, Pierce) at room temperature for 1 h. Excess reagent was separated from modified protein 
on a NAP-5 column (Pharmacia). 

d) Conjugation of thiolated FITC-labelled anti-transferrin receptor antibody to gas-containing microbubbles of DSPS 
'doped' with an endothelial cell binding lipopeptide and DSPE-PEG 9 nnn -MAL 

[0167] A 0.5 ml_ aliquot of the protein fraction (2 ml_ in total) from c) above was added to the microbubbles from b) 
and the conjugation reaction allowed to proceed for 10 min on a roller table. Following centrifugation at 1000 rpm for 3 
min the protein solution was removed and the conjugation repeated a further two times with 1 ml_ and 0.5 mL aliquots 
of protein solution respectively. The bubbles were then washed four times in distilled water and a sample analysed for 
the presence of antibody by flow cytometry and microscopy. A fluorescent population of >92% was observed. 



• One IS. 6? 



°»0' t0' 10* to* ID • 



Flow cytometric comparison of negative control microbubbles of 
DSPS (left curve) with bubbles conjugated with CD71 FITC-labelled 
anti-transferrin antibody (filled curve, right) showing that 92% 
of the population fluoresce. 



[0168] Incorporation into the microbubbles of lipopeptide was confirmed by MALDI mass spectrometry as described 
in example 1 b). 

Example 15: Preparation of multiple-sepecific Transferrin/Avidin coated gas-filled microbubbles for targeted ultrasound 
imaging. 

[0169] This example is directed to the preparation of microbubbles containing multiple protein vectors for targeted 
ultrasound/therapy. 

a) Synthesis of a thiol functionalised lipid molecule: Dipalmitoyl-Lys-Lys-Lys-Aca-Cys.OH 
[0170] 
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SH 
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OH 



[0171] The lipid structure shown above was synthesised on a ABI 433A automatic peptide synthesiser starting with 
Fmoc-Cys(Trt)-Wang resin (Novabiochem) on a 0.25 mmol scale using 1 mmol amino acid cartridges. All amino acids 
and palmitic acid were preactivated using HBTU coupling chemistry. 

The simultaneous removal of peptide from the resin and deprotection of side-chain protecting groups was carried out 
in TFA containing 5% EDT, and 5% H 2 0 for 2 hours giving a crude product yield of 250 mg. Purification by preparative 
HPLC (Vydac 218TP1022 column) of a 40 mg aliquot of crude material was carried out using a gradient of 90 to 1 00 % 
B over 50 min (A= 0.1 % TFA/water and B = MeOH) at a flow rate of 9 mL/min. After lyophilization 24 mg of pure material 
was obtained (Analytical HPLC; Gradient, 70-1 00%B where B= 0.1% TFA/acetonitrile, A= 0.01% TFA/water: column - 
vydac 218TP54: Detection - UV 214 nm-product retention time = 23 min). Further product characterization was carried 
out using MALDI mass spectrometry; expected, M+H at 1096, found, at 1099. 

b) Preparation of gas-containing microbubbles of DSPS 'doped' with a thiol containing lipid structure: 

[0172] DSPS (Avanti, 4.5 mg) and the lipid structure from a) above (0.5 mg) were weighed into a clean vial and 0.8 
ml_ of a solution containing 1 .4% propylene glycol/ 2.4% glycerol in water added. The mixture was warmed to 80 °C for 
5 minutes (vials shaken during warming) and filtered while still hot through a 40 micron filter. The samples were cooled 
to room temperature and the head space flushed with perfluorobutane gas. The vials were shaken in a cap mixer for 45 
s and the microbubbles placed on roller table overnight. Bubbles were washed several times with deionised water and 
analysed for thiol group incorporation using Ellmans Reagent. 

c) Modification of transferrin and avidin with Fluorescein-NHS and Sulpho-SMPB. 

[0173] To a mixture of 2 mg of transferrin (Holo, human, Alpha Therapeutic Corp) and 2 mg of avidin (Sigma) in PBS 
(1 mL) was added 0.5 mL DMSO solution containing 1 mg Sulpho-SMPB (Pierce) and 0.5 mg Fluorescein-NHS (Pierce). 
The mixture was stirred for 45 minutes at room temperature then passed through a Sephadex 200 column using PBS 
as eluent. The protein fraction was collected and stored at 4°C prior to use. 

d) Microbubble conjugation with modified Transferrin/Avidin. 

[0174] To the thiol containing microbubbles from b) was added 1 mL of the modified transferrin/avidin protein solution 
c). After adjusting the pH of the solution to 9 the conjugation reaction was allowed to proceed for 2 h at room temperature. 
Following extensive washing with deionised water the microbubbles were analysed by Coulter counter (81% between 
1 and 7 micron) and fluorescence microscopy (highly fluorescent microbubbles were observed). 

Example 16: Preparation of functionalised gas-filled microbubbles for targeted ultrasound imaging. 

[0175] This example is directed to the preparation of microbubbles having a reactive group on the surface for non- 
specific targeting, principally utilising disulphide exchange reactions to effect binding to a multiplicity of cellular targets. 
[0176] DSPS (Avanti, 5.0 mg) and the thiol containing lipid structure from example 15 a) (1 .0 mg) were weighed into 
a clean vial and 0.8 mL of a solution containing 1 .4% propylene glycol/ 2.4% glycerol in water added. The mixture was 
warmed to 80 °C for 5 minutes (vials shaken during warming) and filtered while still hot through a 40 micron filter. The 
samples were cooled to room temperature and the head space flushed with perfluorobutane gas. The vials were shaken 
in a cap mixer for 45 s and the microbubbles placed on roller table overnight. Bubbles were washed several times with 
deionised water and analysed for thiol group incorporation using Ellmans Reagent. 



42 



EP 1 007 101 B1 

Example 17 - Multiple-specific gas-containing microbubbles of DSPS comprising a lipopeptide for endothelial cell 
targeting and a captopril containing molecule. 

[0177] This example is directed to the preparation of ultrasound agents for combined targeting and therapeutic appli- 
cations. 

a) Synthesis of a lipopeptide functionalised with captopril: 
[0178] 



o 




[0179] The structure shown above was synthesised using a manual nitrogen bubbler apparatus starting with Fmoc 
protected Rink Amide MBHA resin (Novabiochem) on a 0.1 25 mmol scale. All amino acids were purchased from Nova- 
biochem and palmitic acid from Fluka. Coupling was carried out using standard TBTU/HOBt/DlEA protocols. Bromoacetic 
acid was coupled through the side-chain of Lys as a symmetrical anhydride using DIC p reactivation. Captopril (Sigma) 
dissolved in DMF was introduced on the solid-phase using DBU as base. 

Simultaneous removal of the peptide from the resin and deprotection of side-chain protecting groups was carried out in 
TFA containing 5% EDT, 5% water and 5% ethyl methyl sulphide for 2 h. An aliquot of 10 mg of the crude material was 
purified by preparative liquid chromatography (Vydac 21 8TP1 022 column) using a gradient of 70 to 1 00% B over 60 min 
(A = 0.1% TFA/water and B = 0.1% TFA/acetonitrile) at a flow rate of 10 mL/min. 

After lyophilization a yield of 2 mg of pure material was obtained (analytical HPLC: gradient 70-100% B over 20 min, A 
= 0.1% TFA/water and B = 0.1% TFA/acetonitrile; flow rate 1 mL/min; column Vydac 218TP54; detection UV 214 nm; 
retention time 26 min). Further characterisation was carried out using MALDI mass spectrometry, giving M+H at 1265 
as expected. 

b) Synthesis of a lipopeptide with affinity for endothelial cells: Dipalmitoyl-Lys-Lys-Lys-Aca-lle-Ara-Arg-Val-Ala-Arg- 
Pro-Pro-Leu-NH 9 

[0180] 




[0181] The lipopeptide was synthesised on a ABI 433A automatic peptide synthesiser starting with Rink amide resin 
(Novabiochem) on a 0.1 mmol scale using 1 mmol amino acid cartridges. All amino acids and palmitic acid were pre- 
activated using HBTU before coupling. 

The simultaneous removal of peptide from the resin and side-chain protecting groups was carried out in TFA containing 
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5% phenol , 5% EDT and 5% H 2 0 for 2 hours giving a crude product yield of 1 60 mg. Purification by preparative HPLC 
(Vydac 21 8TP1 022 column) of a 35 mg aliquot of crude material was carried out using a gradient of 70 to 1 00 % B over 
40 min (A= 0.1 % TFA/water and B = MeOH) at a flow rate of 9 mL/min. After lyophilization 20 mg of pure material was 
obtained (Analytical HPLC; Gradient, 70-1 00%B where B= MeOH, A= 0.01% TFA/water: column - vydac 218TP54: 
Detection - UV 214 and 260 nm - product retention time = 16 min). Further product characterization was carried out 
using MALDI mass spectrometry; expected, M+H at 2050, found, at 2055. 

c) Preparation of gas-containing microbubbles of DSPS comprising a lipopeptide for endothelial cell targeting and a 
captopril containing molecule for drug delivery 

[0182] DSPS (Avanti, 4.5 mg), product from a) (0.5 mg) and product from b) (0.5 mg) were weighed into a vial and 
1 .0 ml_ of a solution of 1 .4% propylene glycol/ 2.4% glycerol was added to each vial. The mixture was warmed to 80 °C 
for 5 minutes (vials shaken during warming). The samples were cooled to room temperature and the head space flushed 
with perfluorobutane gas. The vials were firstly shaken in a cap mixer for 45 s then rolled for 1 h followed by extensive 
washing with deionised water. No detectable levels of starting material were found in the final wash solution as evidenced 
by MALDI MS. 

[0183] MALDI mass spectral analysis was used to confirm incorporation of the products from section a) and b) into 
the microbubbles as described in example 1 b). 

d) In vitro study of gas-containing microbubbles of DSPS comprising a lipopepitde for endothelial cell targeting and a 
captopril containing molecule for therapeutic applications. 

[0184] The in vitro assay described in example 1 c) was used to examine cell binding under flow conditions. A gradual 
accumulation of the microbubbles on the cells took place which was dependant on the flow rate. By increasing the flow 
rate the cells started to become detached from the coverslip, the microbubbles were still bound to the cells. Control 
bubbles not carrying the vector did not adhere to the endothelial cells and disappeared from the cells under minimal 
flow conditions. 

Example 1 8 - Preparation of multiple-specificgas-containing microbubbles of DSPS loaded with a lipopeptide comprising 
a helical peptide with affinity for cell membranes and the peptide antibiotic polymixin B sulphate. 

[01 85] This example is directed at the preparation of targeted microbubbles comprising multiple peptidic vectors having 
a combined targeting and a therapeutic application. 

a) Synthesis of a lipopeptide comprising a helical peptide with affinity for cell membranes:hexadecylstearyl-Lys-Leu- 
Ala-Leu-Lys-Leu-Ala-Leu-Lys-Ala-Leu-Lys-Ala-Ala-Leu-Lys-Leu-Ala-NH Q . 

[0186] Described in example 14 a). 

b) - Preparation of multiple-specific gas-containing microbubbles. 

[0187] DSPS (Avanti, 5.0 mg), lipopeptide from a)(0.3 mg)and polymixin B sulphate (Sigma,0.5 mg) were weighed 
into a clean vial and 1 .0 mL of a solution of 1 .4% propylene glycol/ 2.4% glycerol added. The mixture was sonicated for 
3-5 mins, warmed to 80° C for 5 minutes then filtered through a 4.5 micron filter. The mixture was cooled to room 
temperature and the head space flushed with perfluorobutane gas. The vial was shaken in a cap mixer for 45 s and the 
microbubbles centrifuged at 1000 rpm for 3 minutes. The microbubbles were washed in water until no polymixin B 
sulphate or lipopeptide could be detected in the infranatant by MALDI-MS. Microscopy showed that the size distribution 
of the bubble population was between 1-8 micron as desired. 

To the washed bubbles (ca. 0.2 mL) was added methanol (0.5 mL) and the mixture placed in a sonic bath for 2 min. The 
resulting clear solution, following analysis by MALDI-MS, was found to contain both lipopeptide and polymixin B sulphate 
(expected 1203, found 1207). 

Example 19) - Preparation of multiple-specific gas-containing microbubbles of DSPS 'doped' with a lipopeptide com- 
prising a IL-1 receptor binding sequence and modified with a branched structure containing the drug methotrexate. 

[0188] This example is directed at the preparation of targeted microbubbles comprising multiple vectors for targeted/ 
therapeutic /drug release applications. 
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a) Synthesis of a lipopeptide comprising an interleukin-1 receptor binding peptide: Dipalmitoyl-Lys-Gly-Asp-Trp-Asp- 
Gln-Phe-Gly-Leu-Trp-Ara-Gly-Ala-Ala.OH 

[0189] 




[0190] The lipopeptide was synthesised on a ABI 433A automatic peptide synthesiser starting with Fmoc-Ala-Wang 
resin (Novabiochem) on a 0.1 mmol scale using 1 mmol amino acid cartridges. All amino acids and palmitic acid were 
preactivated using HBTU before coupling. 

[0191] The simultaneous removal of lipopeptide from the resin and side-chain protecting groups was carried out in 
TFA containing 5% H 2 0, 5% anisole, 5 % phenol and 5% EDT for 2 hours giving a crude product yield of 150 mg. 
Purification by preparative HPLC (Vydac 21 8TP1 022 column) of a 30 mg aliquot of crude material was carried out using 
a gradient of 90 to 100% B over 40 min (A= 0.1 % TFA/water and B = MeOH) at a flow rate of 9 mL/min. After lyophilization 
4 mg of pure material was obtained (Analytical HPLC; Gradient, 90-1 00%B over 20 min where B= MeOH, A= 0.01% 
TFA/water: column - vydac 218TP54: Detection - UV 214 nm; product retention time = 23 min). Further product char- 
acterization was carried out using MALDI mass spectrometry; expected, M+H at 2083, found, at 2088. 

b) Synthesis of a branched methotrexate core structure containing a thiol moiety. 

[0192] 




[01 93] The methotrexate structure was synthesised on a ABI 433A automatic peptide synthesiser starting with Fmoc- 
Cys(Trt) Tentagel resin on a 0.1 mmol scale. 

The simultaneous removal of product from the resin and deprotection of protecting groups was carried out in TFA 
containing 5% EDT and 5% H 2 0 for 2 hours giving a crude product yield of 160 mg. Purification by preparative HPLC 
(Vydac 21 8TP1 022 column) of a 30 mg aliquot of crude material was carried out using a gradient of 1 0 to 30 % B over 
40 min (A= 0.1 % TFA/water and B = 0.1 % TFA/acetonitrile) and a flow rate of 9 mL/min. After lyophilization of the pure 
fractions 9 mg of pure material was obtained (Analytical HPLC; Gradient, 5-50 %B where B = 0.1 % TFA/acetonitrile, 
A= 0.01% TFA/water: column - vydac 218TP54: Detection - UV 214 nm - product retention time = 9.5 min). Further 
product characterization was carried out using MALDI mass spectrometry; expected, M+H at 1523, found, 1523. 

c) - Preparation of multiple-specific gas-containing microbubbles. 

[0194] DSPS (Avanti, 4.5 mg) and thiol containing lipopeptide from example 15 a) (0.5 mg) and lipopeptide from a) 
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(0.2 mg) above were weighed into a clean vial and 1 .0 ml_ of a solution of 1 .4% propylene glycol/ 2.4% glycerol added. 
The mixture was sonicated for 3-5 mins, warmed to 80 °C for 5 minutes then filtered through a 4.5 micron filter. The 
mixture was cooled to room temperature and the head space flushed with perfluorobutane gas. The vials were shaken 
in a cap mixer for 45 s and the microbubbles centrifuged at 1 000 rpm for 3 minutes following which the infranatant was 
discarded. 

d) Conjugation of methotrexate branched structure to thiolated microbubbles. 

[0195] The methotrexate structure from b) above (0.5 mg) was dissolved in PBS pH 8.0. The solution was then added 
to the thiol containing bubbles from c) and disulphide bond formation allowed to proceed for 16 h. Following extensive 
washing with PBS and water the bubbles were analysed by microscopy and MALDI MS. 

[0196] It is also considered relevant that the disulphide bond linking the methotrexate structure to the microbubble 
may be reduced in vivo liberating the free drug molecule. This in combination with a tumour specific vector is a drug 
delivery system. A physiologically relevant reducing agent such as glutathione may be used to bring about drug release. 

Example 20) Preparation of microbubbles coated with poly-L-lysine complexed to fluorescein labeled DNA fragments 
from plasmid pBR322 

[0197] This example is directed to the preparation of microbubbles for gene therapy/anti-sense applications. It is 
envisaged that specific targeting may be achieved by further doping of microbubble membranes with vector modified 
lipid structures as described in example 1 . 

a) Preparation of DSPS gas-containing microbubbles 

[0198] DSPS (Avanti, 4.5 mg) was weighed into a clean vial. 1.0 ml_ of a solution of 1.4% propylene glycol/ 2.4% 
glycerol was added and the mixture sonicated for 2 min then warmed to 80 °C for 5 minutes. Immediately following 
warming the solution was filtered through a 4 micron filter. The sample was cooled to room temperature and the head 
space flushed with perfluorobutane gas. The vial was shaken in a cap mixer for 45 s. Bubbles were then washed once 
with deionised water and the infranatant discarded. The microbubbles were then resuspended in 0.5 ml_ water. 

b) Preparation of poly-L-lysine/DNA complex and loading of DSPS microbubbles 

[0199] To 1 mg of poly-L-lysine (70-150 kD) in a clean vial was added 0.1 ml_ of a fluorescein labeled digest of plasmid 
pBR322 (Biorad) dissolved in TE buffer (10 mM tris-HCI, pH 8). The solution was made up to a total of 0.6 ml_ by addition 
of water and the pH adjusted to 8. Complexation was allowed to proceed for 1 h then 0.05 ml_ of the polylysine-DNA 
solution was added to the microbubble suspension from a) above. After 1 h microscopy was used to show that the 
bubbles were fluorescent confirming the presence of DNA. 

Example 21 : Preparation of multiple-specific gas-filled microbubbles containing a branched core peptide comprising a 
Dabsylated-atherosclerotic plaque binding sequence and RGDS. 

[0200] This example is directed to the preparation of microbubbles having a thiol group on the surface for modification 
with thiol containing vectors for targeting/drug delivery and drug release. 

a) Synthesis of the branched peptide Dabsyl-Tyr-Arg-Ala-Leu-Val-Asp-Tbr-leu-Lys-Lvs(NH2-Arg-Gly-Asp-Ser)-Gly- 
Cys.OH ~ ^ ' ^ - 

[0201] 
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[0202] The peptide was synthesised on a ABI 433A automatic peptide synthesiser starting with Fmoc-Cys(Trt)-Tentagel 
resin on a 0.1 mmol scale using 1 mmol amino acid cartridges. All amino acids were preactivated using HBTU before 
coupling. 

The simultaneous removal of peptide from the resin and side-chain protecting groups was carried out in TFA containing 
5% phenol , 5% EDT and 5% H 2 0 for 2 hours giving a crude product yield of 1 60 mg. Purification by preparative HPLC 
(Vydac 21 8TP1 022 column) of a 30 mg aliquot of crude material was carried out using a gradient of 1 0 to 60 % B over 
40 min (where A= 0.1 % TFA/water and B = acetonitrile) at a flow rate of 9 mL/min. After lyophilization 2.5 mg of pure 
material was obtained (Analytical HPLC; Gradient, 1 0-50%B over 20 min where B= 0.1 % TFA/acetonitrile and A= 0.01% 
TFA/water: column - vydac 21 8TP54: Detection - UV 21 4 and 435 nm - product retention time = 21 min). Further product 
characterization was carried out using MALDI mass spectrometry; expected, M+H at 2070, found, at 2073. 

b) Preparation of thiol containing gas-filled microbubbles. 
[0203] As described in example 15 a) and b). 

c) Oxidative coupling of thiolated microbubbles with multiple-specific peptide via disulphide bond formation 

[0204] The infranatant from the microbubbles from b) above was discarded and replaced with a solution of dabsyl- 
peptide from a) (1 mg) in 0.7 mL dil. ammonia solution (pH 8). To this was added 0.2 ml_ of a stock solution containing 
6 mg of potassiumferricyanate dissolved in 2 mL of water. The vial was placed on a roller table and thiol oxidation allowed 
to proceed for 2 h. The bubbles were then washed extensively with water until the infranatant was free of the dabsyl- 
peptide as evidenced by hplc and MALDI MS. 

Detection of microbubble bound peptide was carried out by reduction of the disulphide bond using the water souble 
reducing agent tris-(2-carboxyethyl)-phosphine. Following reduction the infranatant was found to contain free dabsyl- 
peptide as evidenced by hplc and MALDI MS. 

[0205] Other physiological relevant reducing agents such as reduced glutathione are also considered useful for initiating 
release. 

Example 22 - Gas-containing microparticles comprising polymer from ethylidene bis(1 6-hydroxyhexadecanoate) and 
adipoyl chloride and biotin-amidocaproate-Ala covalently attached to the polymer 

a) Synthesis of Z-Ala-polymer 3-Q-(carbobenzyloxy-L-alanyl)-polymer) 

[0206] The polymer is prepared from ethylidene bis(1 6-hydroxyhexadecanoate) and adipoyl chloride as described in 
WO-A-9607434, and a polymer fraction with molecular weight 10000 is purified using gel permeation chromatography 
(GPC). 10 g of the material (corresponding to 1 mmol OH groups), Z-alanine (5 mmol) and dimethylaminopyridine (4 
mmol) are dissolved in dry dimethylformamide/tetrahydrofuran and dicyclohexylcarbodiimide is then added. The reaction 
mixture is stirred at ambient temperature overnight. Dicyclohexylurea is filtered off and the solvent is removed using 
rotary evaporation. The product is purified by chromatography, fractions containing the title compound are combined 
and the solvent is removed using rotary evaporation. The structure of the product is confirmed by NMR. 
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b) Synthesis of Ala-polymer (3-Q-(L-alanyl)-polymer) 

[0207] Z-Ala-polymer (0.1 mmol) is stirred in toluene/tetrahydrofuran and glacial acetic acid (15% of the total volume) 
and hydrogenated in the presence of 5 % palladium on charcoal for 2 hours. The reaction mixture is filtered and con- 
5 centrated in vacuo. 

c) Synthesis of biotinamidocaproate-Ala-polymer 

[0208] A solution of biotinamidocaproate N-hydroxysuccinimide ester in tetrahydrofuran is added to H 2 N-Ala-polymer 
to dissolved in a mixture of tetrahydrofuran and dimethylformamide and 0.1 M sodium phosphate buffer having a pH of 
7.5. The reaction mixture is heated to 30 °C and stirred vigorously; the reaction is followed by TLC to completion. The 
solvent is evaporated and the crude product is used without further purification. 

d) Gas-containing particles comprising biotin-amidocaproate-Ala-polymer and PEG 10000 methyl ether 16-hexade- 
15 canoyloxyhexadecanoate 

[0209] 1 0 ml_ of a 5% w/w solution of biotin-amidocaproate-Ala-polymer in (-)-camphene maintained at 60 ° C is added 
to 30 ml_ of an 1% w/w aqueous solution of PEG 10000 methyl ether 1 6-hexadecanoyloxyhexadecanoate (prepared as 
described in WO-A-9607434) at the same temperature. The mixture is emulsified using a rotor stator mixer (Ultra Turax® 
20 T25) at a slow speed for several minutes, and thereafter is frozen in a dry ice/methanol bath and lyophilized for 48 hours, 
giving the title product as a white powder. 

e) Acoustic characterisation and microscopy of the product 

25 [0210] Confirmation of the microparticulate nature of the product is performed using light microscopy as described in 
WO-A-9607434. Ultrasonic transmission measurements using a 3.5 MHz broadband transducer indicate that a particle 
suspension of < 2 mg/mL gives a sound beam attenuation of at least 5 dB/cm. 

f) Multiple-specific microparticles 

30 

[0211] The biotinylated microspheres are then used to prepare multiple-specific targeting products similar to those 
exemplified in examples 5), 6) and 7). 

Example 23) Preparation of multiple-specific gas-containing microbubbles encapsulated with DSPS and Biotin- 
35 PEG qAnn -acyl- phosphatidylethanolamine and functionalised with streptavidin, oligonucleotide biotin-GAAAGGTAGT- 
GGGGTCGTGTGCCGG and biotinylated fibrin-anti-polymerant peptide (Biotin-GPRPPERHOS.NH 2 ). 

a) Synthesis of biotin-PEG ^n n -acyl-phosphatidyl ethanolamine 

40 [0212] A mixture of dipalmitoyl phosphatidyl ethanolamine, (21.00 mg, 0.03 mmol), biotin-PEG- C0 2 -NHS, (100 mg, 
0.03 mmol) and triethylamine (42^1, 0.30 mmol) in a solution of chloroform/methanol (3:1 ) was stirred at room temperature 
for 2 hours. After evaporation of the solvents under reduced pressure, the residue was flash chromatographed (methylene 
chloride/methanol/water, 40:8:1). The product was obtained as a yellow gum, 1 12 mg (94%) and structure verified by 
NMR and MALDI-MS. 

45 

b) Binding of fluorescein-conjugated streptavidin to gas filled microbubbles 

[0213] Gas-containing microbubbles were prepared by mixing DSPS and biotin-PEG 3400 -acyl-phosphatidyl eth- 
anolamine as described in example 5 a). 
50 The microbubble suspension was divided into 0.2 ml_ aliquots and fluorescein conjugated streptavidin added as shown 
in the table below. The samples were incubated on a roller table for 15 or 30 minutes at ambient temperature before 
removal of excess protein by washing in PBS. 

Results: 

55 

[0214] 
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Aliquot no. 


Added Streptavidin 
(|jLg/200 :l sample) 


Incubation time (amb. 
temp.) 


% Fluorescent 
particles 


Particle median 
diameter (microns) 


1 


0 




2, 0 




2 


0 






1 2 (foam) 


3 


0.2 (3x10- 9 mmol) 


30 min 


7, 8 


3, 9 


4 


2 (3x1 0 _8 mmol) 


30 min 


26,2 


4,2 


5 


10 (1.5x1 0- 7 mmol ) 


15 min 


30,5 


na 


6 


20 (3x10- 7 mmol) 


30 min 


97,9 


5,2 


7 


40 (6x10- 7 mmol) 


15 min 


96,7 


5,1 


8 DSPS control 


20 (3x10- 7 mmol) 


15 min 


0,6 


3,7 



[0215] The samples were analysed by flow cytometry and Coulter Counter. The results are summarized in the table 
above. 

c) Conjugation of streptavin coated microbubbles with the oligonucleotide biotin-GAAAGGTAGTGGGGTCGTGT- 
GCCGG and biotinylated fibrin-anti-polymerant peptide biotin-GPRPPERHOS 

[0216] The particles from aliquot no. 6 above were centrifuged and the supernatant replaced with 1 mL of PBS buffer 
pH 7.5 containing 0.2 mg of biotin-GAAAGGTAGTGGGGTCGTGTGCCGG and 0.2 mg of biotin-GPRPPERHQS (ex- 
ample 5 c). After incubation for 24 h the particles were washed extensively with PBS and water. 

[021 7] It is envisaged that other biotinylated vectors or therapeutic agents may be conjugated to streptavidin or avidin 
coated microbubbles using this procedure. 

Example 24) Preparation of microbubbles encapsulated with DSPS and functional ised with a thrombi-targeting lipopep- 
tide and the thrombolytic enzyme tissue plasminogen activator. 

[021 8] This example is directed at the preparation of thrombus targeted US agents comprising a therapeutic thromolytic 
agent. 

a) Synthesis of a lipopeptide with affinity for thrombi (Dipalmitoyl-Lys-Asn-Asp-Gly-Asp-Phe-Glu-Glu-lle-Pro-Glu-Glu- 
Tyr-Leu-Gln.NHp) . * 

[0219] 



i ooow . 

w s ° v> ° s 

OH 

[0220] The lipopeptide was synthesised on a ABI 433 A automatic peptide synthesiser starting with Rink amide resin 
(Novabiochem) on a 0.1 mmol scale using 1 mmol amino acid cartridges. All amino acids and palmitic acid were pre- 
activated using HBTU before coupling. 

The simultaneous removal of peptide from the resin and side-chain protecting groups was carried out in TFA containing 
5% phenol, 5% EDT, 5% anisole and 5% H 2 0 for 2 h giving a crude product yield of 80 mg. Purification by preparative 
HPLC (Vydac 21 8TP1 022 column) of a 20 mg aliquot of the crude material was carried out. After lyophilization 6 mg of 
pure material was obtained. The product was characterized by MALDI mass spectrometry and analytical HPLC. 
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b) Modification of tissue plasminogen activator with Sulpho-SMPB. 



[0221] A solution of 0.1 ml_ of ammonium carbonate buffer containing 0.1 mg of t-PA (Sigma) was made up to 0.2 ml_ 
by the addition of water. To this solution was added 0.4 mg of Sulpho-SMPB (Pierce) dissolved in 0.05 ml_ DMSO. The 
5 protein solution was left standing at room temperature for 45 min then purification carried out on a Superdex 200 column. 
The product was eluted in PBS and the modified protein fraction collected. 

c) Preparation of microbubbles encapsulated with DSPS/thrombi-binding lipopeptide and thiol containing lipoeptide 
and conjugation to modified tissue plasminogen activator. 

10 

[0222] DSPS (Avanti, 5.0 mg) was weighed into a clean vial along with 0.5 mg of the lipopeptide from a) and 0.5 mg 
of the thiol containing lipopeptide from example 1 5 a). To this was added 1 .0 ml_ of a solution of 1 .4% propylene glycol/ 
2.4% glycerol and the mixture sonicated for 2 min then warmed to 80 °C for 5 minutes. Immediately following warming 
the solution was filtered through a 4 micron filter. The sample was cooled to room temperature and the head space 

15 flushed with perfluorobutane gas. The vials were shaken in a cap mixer for 45 s and the microbubbles washed 2 times 
with deionised water. The infranatant was discarded and replaced with a 1 ml_ aliquot of the protein solution from b) 
above. The conjugation reaction was allowed to proceed for 1 h. The bubbles were centrifuged and infranatant exchanged 
with a further 1 ml_ of protein solution. The incubation step was repeated until all protein solution was used up. The 
microbubbles were then washed extensively with water and analysed by Coulter counter. The microbubbles were tested 

20 in the flow chamber assay described in example 1 c). Microbubbles modified with protein were found to bind in higher 
numbers than those comprising either lipopeptide/DSPS or DSPS alone. 

[0223] It is envisaged that the targeting/therapeutic/ultrasound activities of these microbubbles be evaluated in models 
of in vitro and in vivo thrombogenisis. 

25 Example 25 - Multiple-specific PFB gas-filled microbubbles encapsulated with DSPS and a lipopeptide comprising a 
heparin sulphate binding peptide (KRKR) and a fibronectin peptide (WOPPRARI) for targeting and a lipopeptide con- 
taining atenolol for therapeutic applications 

a) Synthesis of a lipopeptide consisting of a heparin sulphate binding peptide (KRKR) and a fibronectin peptide (WOP- 
30 PRARI) 

[0224] Synthesis and purification described in example 1 a). 

b) Synthesis of a protected atenolol derivative suitable for solid phase coupling 

35 

i) Synthesis of methyl 4-[(2,3-epoxy)propoxylphenylacetate 

[0225] A mixture of methyl 4-hydroxyphenylacetate (4.98 g, 0.03 mol), epichlorohydrin (23.5 ml, 0.30 mol) and pyridine 
(121 julI, 1.5 mmol) was stirred at 85 °C for 2 h. The reaction mixture was cooled, and excess epichlorohydrin was distilled 
40 off (rotavapor). The residue was taken up in ethyl acetate, washed with brine and dried (Na^C^). The solution was 
filtered and concentrated. The dark residue was chromatographed (silica, hexane/ethyl acetate 7:3) to give 2.25 g (34%) 
of a colourless oil. 1 H (300 MHz) and 13 C NMR (75 MHz) spectra were in accordance with the structure. 

ii) Synthesis of methyl 4-[2-hydroxy-3-[(1 -methylethyl)amino]-propoxy]phenylacetate 

45 

[0226] A mixture of methyl 4-[(2,3-epoxy)propoxy]phenylacetate (2.00 g, 9.00 mmol), isopropylamine (23 ml, 0.27 
mol) and water (1 .35 ml, 74.7 mmol) was stirred at room temperature overnight. The reaction mixture was concentrated 
(rotavapor) and the oily residue was dissolved in chloroform and dried (Na 2 S0 4 ). Filtration and concentration gave 
quantitative yield of a yellow oil that was used in the next step without further purification. The structure was verified 
50 by 1 H and 13 C NMR analysis. 

iii) Synthesis of 4-[2-hydroxy-3-[(1 -methylethyl)amino]-propoxy]phenylacetic acid hydrochloride 

[0227] A solution of methyl 4-[2-hydroxy-3-[(1 -methylethyl)amino]-propoxy]phenylacetate (563 mg, 2.00 mmol) in 6 
55 M hydrochloric acid (15 ml) was heated at 100 °C for 4h. The reaction mixture was concentrated (rotavapor) and the 
residue was taken up in water and lyophilised. 1 H and 13 C NMR spectra were in accordance with the strucu re and MALDI 
mass spectrometry gave a M+H at 268 as expected. 
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iv) Synthesis of N-Boc-4-[2-hydroxy-3-[(1 -methylethyl)amino]-propoxy]phenylacetic acid 



[0228] A solution of the 4-[2-hydroxy-3-[(1 -methylethyl)amino]-propoxy]phenylacetic acid hydrochloride (2.0 mmol) in 
water (2 ml) was added to a solution of sodium bicarbonate (0.60 g, 7.2 mmol) in water/dioxane (2:1, 15 ml). A solution 

5 of di-tert-butyl dicarbonate (0.48 g, 2.2 mmol) in dioxane (5 ml) was added. Progress of the reaction was monitored by 
TLC analysis (silica, CHCI 3 /MeOH/AcOH 85:1 0:5), and portions of di-tert-butyl dicarbonate were added until conversion 
was complete. The reaction mixture was poured onto water saturated with potassium hydrogensulphate and organic 
material was extracted into ethyl acetate. The organic phase was washed with water and brine, dried (Na 2 S0 4 ) and 
filtered to give 0.6 g of crude material. The product was purified by chromatography (silica, CHCI 3 /lvleOH/AcOH 85:10: 

10 5). The solution was concentrated and the residue was taken up in glacial acetic acid and lyophilised. Yield 415 mg 
(56%), white solid. The structure was confirmed by 1 H and 13 C NMR analysis. 

c) Synthesis of a lipopeptide functionalised with atenolol 

15 [0229] 



20 




[0230] The structure shown above was synthesised on a manual nitrogen bubbler starting with Fmoc protected Rink 
30 Amide MBHA resin (Novabiochem) on a 0.125 mmol scale, using amino acids from Novabiochem, palmitic acid from 
Fluka and the compound from a). Coupling was carried out using standard TBTU/HOBt/DlEA protocols. 
Simultaneous removal of the peptide from the resin and deprotection of side-chain protecting groups was carried out in 
TFA containing 5% EDT and 5% water for 2h. Crude material was precipitated from ether and purified by preparative 
liquid chromatography (Vydac 218TP1022 column) using a gradient of 70 to 100% B over 60 min (A = 0.1% TFA/water 
35 and B = 0.1% TFA/acetonitrile) at a flow rate of 10 ml/min. After lyophilisation a yield of 38 mg of pure material was 
obtained (analytical HPLC: gradient 70-100% B over 20 min, A = 0.1% TFA/water and B = 0.1% TFA/acetonitrile, flow 
rate 1 ml/min, column Vydac 21 8TP54, detection UV 21 4 nm, retention time 25 min). Further characterisation was carried 
out using MALDI mass spectrometry (ACH matrix), giving M+H at 1258, expected 1257. 

^o d) Preparation of gas-filled microbubbles of DSPS comprising a lipopeptide cosisting of a heparin sulphate binding 
peptide (KRKR) and a fibronectin peptide (WOPPRARI) and a lipopeptide containing atenolol 

[0231] A solution of 1 .4% propylene glycol / 2.4% glycerol (1 .0 ml) was added to a mixture of DSPS (Avanti, 5.0 mg), 
product from a) (0.5 mg) and product from c) (0.5 mg) in a vial. The mixture was sonicated for 5 min and then heated 
45 at 80 °C for 5 min (vial was shaken during warming). The solution was filtered and cooled. Head space was flushed with 
perfluorobutane gas and the vial was shaken in a cap mixer for 45s followed by extensive washing with deionised water. 
[0232] Incorporation of atenolol containing lipopeptide into the bubbles was confirmed by MALDI-MS as described in 
example 1 b). 

50 e) In vitro study of multiple-specific gas-filled microbubbles. 

[0233] In vitro analysis of the microbubble suspension was carried out as described in example 1 c). A gradual 
accumulation of the microbubbles on the cells took place which was dependant on the flow rate. By increasing the flow 
rate the cells started to become detached from the coverslip, the microbubbles were still bound to the cells. Control 
55 bubbles not carrying the vector did not adhere to the endothelial cells and disappeared from the cells under minimal 
flow conditions. 
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Example 26 - PFB gas-filled microbubbles of DSPS containing a cholesteryl ester of chlorambucil for diagnostic and 
therapeutic applications 

[0234] This example is directed at non-specific modification of a multiplicity of cell receptors on endothelial cells. 

a) Synthesis of cholesteryl 4-[4-[bis(2-chloroethyl)amino]-phenyl]butanoate 

[0235] DIC (170 |ulI, 1.10 mmol) was added to a solution of chlorambucil (Sigma, 669 mg, 2.20 mmol) in dry dichlo- 
romethane (1 5 ml). The mixture was stirred at room temperature for 0.5 h and added to a solution of cholesterol (Aldrich, 
387 mg, 1.00 mmol) and DMAP (122 mg, 1.00 mmol) in dichloromethane (10 ml). The reaction mixture was stirred 
overnight and then poured onto 5% sodium bicarbonate. The phases were separated and the organic phase was washed 
with brine and dried (MgS04). The solution was filtered and concentrated and the product was purified by column 
chromatography (silica, chloroform) to give 560 mg (83%) yield of colouless oil. The product was characterised by MALDI 
mass spectrometry, giving M+H at 674 as expected. Further characterisation was carried out using 1 H (500 MHz) and 13 C 
(125 MHz) NMR analysis, giving spectra in accordance with the structure. 

b) Preparation of gas-containing microbubbles of DSPS comprising a cholesteryl ester of chlorambucil for diagnostic 
and/or therapeutic applications 

[0236] A solution of 1 .4% propylene glycol / 2.4% glycerol (1 .0 ml) was added to a mixture of DSPS (Avanti, 4.5 mg) 
and product from a) (0.5 mg) in a vial. The mixture was sonicated for 5 min and then heated at 80 °C for 5 min (vial was 
shaken during warming) and cooled. Head space was flushed with perfluorobutane gas and the vial was shaken in a 
cap mixer for 45s followed by extensive washing with deionised water. MALDI mass spectrometry showed no detectable 
level of compound from a) in the final wash solution. Incorporation of chlorambucil cholesteryl ester into the bubbles 
was confirmed by MALDI-MS as follows: ca 50 julI of microbubbles were transferred to a clean vial containing ca 1 00 julI 
of 90% methanol. The mixture was sonicated for 30 s and analysed by MALDI-MS, giving a M+H peak at 668 corre- 
sponding to structure from a). 

[0237] In combination with a tumour specific vector these microbubbles are considered useful as targeted drug delivery 
agents. 

Example 27 - Multiple-specific gas-filled microbubbles of DSPS comprising a lipopeptide containing atenolol and a 
cholesterol derivative of chlorambucil for diagnostic and therapeutic applications 

a) Synthesis of a protected atenolol derivative suitable for solid phase coupling 
[0238] As described in example 25 section b). 

b) Synthesis of a lipopeptide functionalised with atenolol 
[0239] As described in example 25 section c). 

c) Synthesis of cholesteryl 4-[4-[bis(2-chloroethyl)aminolphenyl] butanoate 
[0240] As described in example 25 section d). 

d) Preparation of microbubbles of DSPS comprising a lipopeptide containing atenolol and a cholesteryl ester of ch- 
loambucil 

[0241] A solution of 1 .4% propylene glycol / 2.4% glycerol (1 .0 ml) was added to a mixture of DSPS (Avanti, 5.0 mg), 
product from b) (0.5 mg) and c) (0.5 mg) and in a vial. The mixture was sonicated for 5 min and then warmed to 80 °C 
for 5 min (vial was shaken during warming). The solution was filtered and cooled. Head space was flushed with per- 
fluorobutane gas and the vial was shaken in a cap mixer for 45 s followed by extensive washing with deionised water. 
Incorporation of atenolol containing lipopeptide and chlorabucil analogue into the bubble membrane was confirmed by 
MALDI-MS as described-in example 1 c). 
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e) In vitro study of multiple-specific PFB gas-containing microbubbles of DSPS comprising a lipopeptide containing 
atenolol and a cholesterol derivative of chlorambucil for diagnostic and therapeutic applications 

[0242] The in vitro assay described in example 1 c) was used to assess cellular binding under flow conditions. A 
5 gradual accumulation of the microbubbles on the cells took place which was dependant on the flow rate. By increasing 
the flow rate the cells started to become detached from the coverslip, the microbubbles were still bound to the cells. 
Control bubbles not carrying the vector did not adhere to the endothelial cells and disappeared from the cells under 
minimal flow conditions. 

10 Example 28 - Multiple-specific gas-filled microbubbles of DSPS comprising a lipopeptide containing atenolol for cell 
targeting and a lipophilic thiol ester of captopril for therapeutic use. 

a) Synthesis of a protected atenolol derivative suitable for solid phase coupling 
15 [0243] As described in example 25 section b). 

b) Synthesis of a lipopeptide functionalised with atenolol 
[0244] As described in example 25 section c). 

20 

c) Synthesis of cholanic acid thiol ester of captopril 

[0245] A mixture of 5-p-cholanic acid (Sigma, 361 mg, 1 .00 mmol) and DIC (77julI, 0.50 mmol) in dichloromethane (5 
ml) was stirred for 1 0 min and then added to a solution of captopril (Sigma, 130 mg, 0.600 mmol) and DBU (1 80 jjlI, 1 .20 

25 mmol) in dichloromethane (1 0 ml). The reaction mixture was stirred overnight and then poured onto dilute hydrochloric 
acid. Chloroform (30 ml) was added. The phases were separated and the organic phase was washed with water and 
brine and dried (MgS0 4 ). After filtration and concentration the crude material was chromatographed (silica, chloroform/ 
methanol/acetic acid 95:4:1). The product was lyophilised from a acetonitrile/water/ethanol mixture. Yield 137 mg (49%) 
of off-white solid. The structure was verified by 1 H (500 MHz) and 13 C (125 MHz) NMR spectroscopy. Further charac- 

30 terisation was carried out using MALDI mass spectrometry, giving a M+Na peak in positive mode at m/z 584. 

d) Preparation of gas-filled microbubbles of DSPS comprising a lipopeptide containing atenolol for cell targeting and 
a lipophilic thiol ester of captopril for therapeutic use. 

35 [0246] A solution of 1 .4% propylene glycol / 2.4% glycerol (1 .0 ml) was added to a mixture of DSPS (Avanti, 5.0 mg) 
and product from b) (0.5 mg) and c) (0.5 mg) in a vial. The mixture was sonicated for 5 min and then heated at 80 °C 
for 5 min (vial was shaken during warming) and cooled. Head space was flushed with perfluorobutane gas and the vial 
was shaken in a cap mixer for 45s followed by extensive washing with deionised water. MALDI mass spectrometry 
showed no detectable level of compound from b) and c) in the final wash solution. Incorporation of compounds from b) 

40 and from c) into the bubbles was confirmed by MALDI-MS as follows. Ca. 50 |ulI of microbubbles were transferred to a 
clean vial containing ca 1 00 julI of 90% methanol. The mixture was sonicated for 30s and analysed by MALDI-MS (ACH- 
matrix), giving peaks according to structures from b) and c), respectively. 

e) In vitro study of gas-containing microbubbles from d) 

45 

[0247] The in vitro assay described in example 1 c) was used to assess cellular binding under flow conditions. A 
gradual accumulation of the microbubbles on the cells took place which was dependant on the flow rate. By increasing 
the flow rate the cells started to become detached from the coverslip, the microbubbles were still bound to the cells. 
Control bubbles not carrying the vector did not adhere to the endothelial cells and disappeared from the cells under 
50 minimal flow conditions. 

Example 29 - Gas-filled microbubbles of phosphatidylserine comprising biotinamide-PEG-ft-Ala-Cholesterol and a 
cholesteryl ester of chlorambucil for diagnostic and therapeutic applications 

55 a) Synthesis of cholesteryl N-Boc-g-alaninate 

[0248] DIC (51 0 julI) was added to a solution of Boc-p-Ala-OH (1 .25 g, 6.60 mmol) in dichloromethane (15 ml) under 
an inert atmosphere. The reaction mixture was stirred for 30 min and then transferred to a flask containing a solution of 
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cholesterol (1 .1 6 g, 3.00 mmol) and DMAP (367 mg, 3.00 mmol) in dichloromethane (15 ml). The reaction mixture was 
stirred for 2 h and then mixed with an aqueous solution of potassium hydrogensulphate. The phases were separated 
and the aqueous phase extracted with chloroform. The combined organic phases were washed with aqueous potassium 
hydrogensulphate and water and dried over MgS0 4 . After filtration and evaporation the crude product was chromato- 
graphed (silica, chloroform/methanol 99:1 ) to give 1 .63 g (97%) of white solid. The structure was confirmed by 1 H NMR 
(500 MHz). 

b) Synthesis of cholesteryl [3-alaninate hydrochloride 

[0249] A solution of compound from a) (279 mg, 0.500 mmol) in 1 M hydrochloric acid in 1 ,4-dioxan (5 ml) was stirred 
at room temperature for 4 h. The reaction mixture was concentrated to give a quantitative yield of cholesteryl p-alaninate 
hydrochloride. The structure was confirmed by 1H NMR (500 MHz) analysis and by MALDI mass spectrometry, giving 
a M+Na peak at 482, expected 481 . 

c) Biotin-PEG q4nn -P-Ala-Cholesterol 

[0250] To a solution of cholesteryl p-alaninate hydrochloride (15 mg, 0.03 mmol) in chloroform/wet methanol (2.6:1, 
3 ml) was added triethylamine (42 |jlI, 0.30 mmol). The mixture was stirred for 10 minutes at room temperature and a 
solution of biotin-PEG3400-NHS (100 mg, 0.03 mmol) in 1 ,4-dioxane (1 ml) was added dropwise. After stirring at room 
temperature for 3 hours, the mixture was evapourated to dryness and the residue purified by flash chromatography to 
give white crystals, yield ; 102 mg (89%). The structure was verified by MALDI-MS and by NMR analysis. 

d) Synthesis of cholesteryl 4-[4-[bis(2-chloroethyl)amino]phenyl]butanoate 

[0251] DIC (170 julI , 1.10 mmol) was added to a solution of chlorambucil (Sigma, 669 mg, 2.20 mmol) in dry dichlo- 
romethane (1 5 ml). The mixture was stirred at room temperature for 0.5 h and added to a solution of cholesterol (Aldrich, 
387 mg, 1.00 mmol) and DMAP (122 mg, 1.00 mmol) in dichloromethane (10 ml). The reaction mixture was stirred 
overnight then poured into a solution of 5% sodium bicarbonate. The organic phase was washed with brine and dried 
over MgS0 4 . The solution was filtered and concentrated and the product was purified by column chromatography (silica, 
chloroform) to give 560 mg (83%) yield of colouless oil. The product was characterised by MALDI mass spectrometry, 
giving M+H at 674 as expected. Further characterisation was carried out using 1 H (500 MHz) and 13 C (125 MHz) NMR 
analysis, giving spectra in accordance with the structure. 

e) Preparation of gas-filled microbubbles 

[0252] A solution of 1 .4% propylene glycol / 2.4% glycerol (1 .0 ml) was added to a mixture of DSPS (Avanti, 5 mg) 
and product from c) (0.5 mg) and d) (0.5 mg) in a vial. The mixture was sonicated for 5 min and then heated at 80 °C 
for 5 min (vial was shaken during warming) and cooled. Head space was flushed with perfluorobutane gas and the vial 
was shaken in a cap mixer for 45s followed by extensive washing with deionised water. MALDI mass spectrometry 
showed no detectable level of compound from c and d) in the final wash solution. 

[0253] Incorporation of compounds from c) and d) into the bubbles was confirmed by MALDI-MS as described in 
example 1 b). 

Example 30 - Gas-filled microbubbles of DSPS comprising a lipopeptide containing chlorambucil for diagnostic and 
therapeutic applications 

[0254] This example is directed at the preparation of functionalised microbubbles with non-specific affinity for a mul- 
tiplicity of cell surface molecules. 

a) Synthesis of a lipopeptide containing chlorambucil 

[0255] 
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[0256] The structure shown above was synthesised on a manual nitrogen bubbler starting with Fmoc protected Rink 
Amide MBHA resin (Novabiochem) on a 0.125 mmol scale. Standard amino acids were purchased from Novabiochem 
and palmitic acid from Fluka. Coupling was carried out using standard TBTU/HOBt/DlEA protocol. Chlorambucil (Sigma) 
was coupled through the side-chain of Lys as a symmetrical anhydride using DIC p reactivation. 

Simultaneous removal of the peptide from the resin and deprotection of side-chain protecting groups was carried out in 
TFA containing 5% EDT, 5% water and 5% ethyl methyl sulphide for 2 h. An aliqout of 10 mg of the crude material was 
purified by preparative liquid chromatography (Vydac 21 8TP1 022 column) using a gradient of 70 to 1 00% B over 60 min 
(A = 0.1% TFA/water and B = 0.1% TFA/acetonitrile) at a flow rate of 10 ml/min. After lyophilisation a yield of 30 mg of 
pure material was obtained (analytical HPLC: gradient 70-100% B over 20 min, A = 0.1% TFA/water and B = 0.1% TFA/ 
acetonitrile; flow rate 1 ml/min; column Vydac 218TP54; detection UV 214 nm; retention time 26.5 min). Further char- 
acterisation was carried out using MALDI mass spectrometry, giving M+H at 1295, expected 1294. 

b) Preparation of gas-filled microbubbles comprising a lipopeptide containing chlorambucil for diagnostic and therapeutic 
applications 

[0257] A solution of 1 .4% propylene glycol / 2.4% glycerol (1 .0 ml) was added to a mixture of DSPS (Avanti, 4.5 mg) 
and product from a) (0.5 mg) in a vial. The mixture was sonicated for 5 min and then heated at 80 °C for 5 min (vial was 
shaken during warming) and cooled. Head space was flushed with perfluorobutane gas and the vial was shaken in a 
cap mixer for 45s followed by extensive washing with deionised water. MALDI mass spectrometry showed no detectable 
level of compound from a) in the final wash solution. 

[0258] Incorporation of chlorambucil containing lipopeptide into the bubbles was confirmed by MALDI-MS as follows. 
Ca 50 julI of microbubbles were transferred to a clean vial containing ca 100 julI of 90% methanol. The mixture was 
sonicated for 30s and analysed by MALDI-MS (ACH-matrix), giving a M+H peak at 1 300, expected at 1 294 and a M+Na 
peak at 1324, expected 1317. 

c) In vitro study of gas-containing microbubbles of DSPS 'doped' with a lipopeptide containing chlorambucil for diagnostic 
and therapeutic applications 

[0259] The microbubbles were evaluated using the in vitro flow assay described in example 1 c). A gradual accumulation 
of the microbubbles on the cells took place which was dependant on the flow rate. By increasing the flow rate the cells 
started to become detached from the coverslip, the microbubbles were still bound to the cells. Control bubbles not 
carrying the vector did not adhere to the endothelial cells and disappeared from the cells under minimal flow conditions. 

Example 31 - Gas-filled microbubbles of DSPS comprising a lipopeptide containing atenolol and a lipophilic derivative 
of captopril for diagnostic and therapeutic applications 

a) Synthesis of a protected atenolol derivative suitable for solid phase coupling 
[0260] As described in example 25) b) 

b) Synthesis of N-[(S)-3-hexadecylthio-2-methylpropionyl]proline 

[0261] DIEA (188 jutl, 1 .10 mmol) was added to a solution of 1 -iodohexadecane (176 mg, 0.500 mmol), captopril (120 
mg, 0.550 mmol) and DBU (165 jjiI, 1.10 mmol) in tetrahydrofuran (5 ml). The mixture was heated at 70 oC for 2h and 
then concentrated. The residue was poured onto water saturated with potassium hydrogensulphate and organic material 
was extracted into chloroform. The organic phase was washed with water and dried (MgSQ 4 ). The product purified by 
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chromatography (silica, CHCI 3 /MeOH/AcOH 85:10:5) and lyophilised to give 105 mg (48%) of white solid material. The 
structure was verified by 1H (500 MHz) and 13C (125 MHz) analysis and further characterised by MALDI mass spec- 
trometry, giving M-H in negative mode at m/z 440 as expected. 

5 c) Preparation of gas-filled microbubbles of DSPS comprising a lipopeptide containing atenolol and alipophilicderivative 
of captopril for diagnostic and therapeutic applications 

[0262] A solution of 1 .4% propylene glycol/2.4% glycerol (1 .0 ml) was added to a mixture of DSPS (Avanti, 4.5 mg), 
product from b) (0.5 mg) and c) in a vial. The mixture was sonicated for 5 min and then heated at 80 °C for 5 min (vial 
to was shaken during warming) and cooled. Head space was flushed with perfluorobutane gas and the vial was shaken 
in a cap mixer for 45s followed by extensive washing with deionised water. MALDI mass spectrometry showed no 
detectable level of compound from b)or c) in the final wash solution. Incorporation of compound b) and c) containing 
lipopeptide into the bubbles was confirmed by MALDI-MS as described in example 1 b). 

15 d) In vitro study of gas-containing microbubbles of DSPS comprising a lipopeptide containing atenolol and a lipophilic 
derivative of captopril for diagnostic and therapeutic applications 

[0263] The microbubbles were evaluated using the in vitro flow assay described in example 1 c). A gradual accumulation 
of the microbubbles on the cells took place which was dependant on the flow rate. By increasing the flow rate the cells 
20 started to become detached from the coverslip, the microbubbles were still bound to the cells. Control bubbles not 
carrying the vector did not adhere to the endothelial cells and disappeared from the cells under minimal flow conditions. 

Example 32 - Floatation of endothelial cells by DSPS microbubbles comprising a multiple-specific lipopeptide that binds 
to the endothelial cells 

25 

[0264] This example was carried out to show that the invention could also be used for cell separation. 
[0265] The human endothelial cell line ECV 304, derived from a normal umbilical cord (ATCC CRL-1 998) was cultures 
in Nunc culture flasks (chutney 153732) in RPMI 1 640 medium (Bio Whitaker) to which L-Glutamine 200 mM, Penicillin/ 
Streptomycin (1 0.000 U/ml and 1 0.00 mcg/ml) and 1 0% Fetal Calf Serum (Hyclone Lot no AFE 51 83) were added. The 

30 cells were subcultured following trypsination with a split ratio of 1 :5 to 1 :7 when reaching confluence. 2 mill, cells from 
trypsinated confluent cultures were added to a set of 5 centrifuge tubes followed by either control microbubbles of DSPS, 
microbubbles from example 1 or microbubbles of DSPS doped with the endothelial cell binding lipopeptide from example 
1 4 a) at a concentration of 2, 4, 6 ,8 or 1 0 mill bubbles per tube. The cells at the bottom of the tubes after centrifugation 
at 400 g for 5 minutes were counted by Coulter counter. It was found that binding of four or more microbubbles to a cell 

35 brought about floatation. Furthermore all cells were floated by the endothelial cell binding lipopeptide bubbles while 
around 50 % were floated with microbubbles from example 1 ). 

Example 33 Gene transfer by PFB gas-filled microbubbles 

40 [0266] This example is directed at the preparation of targeted microbubbles for gene transfer. 

a) Preparation of DSPS lipopeptide bubbles/PFB gas , coated with-polyl-L-lysine 

[0267] DSPS (4,5 mg) and lipopeptide from 17 b) (0.5 mg) were weighed in two 2-ml vials. To each vial, 0.8 ml 
45 propyleneglycol/glycerol (4%) in water was added. The solution was heated at 80 °C for 5 minutes and shaken. The 
solution was then cooled to ambient temperature and the headspace flushed with perfluorobutane. The vials were shaken 
on a Capmix (Espe Capmix, 4450 oscillations/min) for 45 seconds and put on a roller table for 5 minutes. The content 
of the vials were mixed and the sample washed by centrifugation at 2000 rpm for 5 minutes. The infranatant was removed 
and the same volume of distilled water added. The washing procedure was repeated once. 
so [0268] poly-L-lysine HBr (Sigma, 20.6 mg) was dissolved in 2 mL water then an aliquot (0.4 mL) made up to 2 mL 
water. To 1 .2 mL of the diluted poly-L-lysine solution was added 0.12 mL of the DSPS-lipopeptide bubble suspension. 
Following incubation excess polylysine was removed by extensive washing with water. 

b) Transfection of cells 

55 

[0269] Endothelial cells (ECV 304) were cultured in 6 well plates to a uniform subconfluent layer. A transfection mixture 
consisting of 5 |mg DNA (an Enhanced Green Fluorescent Protein vector from CLONTECH) and 50 jul I of microbubble 
suspension from a) in RPMI medium at a final volume of 250 julI was prepared. The mixture was left standing for 1 5 min 
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at room temperature then 1 ml_ of complete RPMI medium added. The medium was removed from the cell culture dish, 

and the DNA-microbubble mixture added to the cells. 

The cells were incubated in a cell culture incubator (37 °C). 

c) Ultrasonic treatment 

[0270] After 1 5 minutes incubation, selected wells were exposed to continious wave ultrasound of 1 MHz, 0.5 W/cm 2 , 
for 30 seconds. 

d) Incubation and examination 

[0271] The cells were further incubated in the cell culture incubator (37 °C) for approximately 4 1/2 hours. The medium 
containing DNA-microbubbles was then removed by aspiration, and 2 ml complete RPMI medium was added. The cells 
were incubated for 40-70 hours before examination. Most of the medium was then removed, and the cells were examined 
by fluorescence microscopy. The results were compared to the results from control experiments were DNA or DNA- 
polylysine were added to the cells. 



Claims 

1 . A targetable diagnostic and/or therapeutically active agent comprising a suspension in an aqueous carrier liquid of 
a reporter comprising gas-containing or gas-generating material, said reporter being conjugated to more than one 
vector, the vectors having affinity for different targets on the same or different cell types. 

2. An agent as claimed in claim 1 wherein the gas comprises air, nitrogen, oxygen, carbon dioxide, hydrogen, an inert 
gas, a sulphur fluoride, selenium hexafluoride, alow molecular weight hydrocarbon, a ketone, an ester, ahalogenated 
low molecular weight hydrocarbon or a mixture of any of the foregoing. 

3. An agent as claimed in claim 2 wherein the gas comprises a perfluorinated ketone, perfluorinated ether or perfluor- 
ocarbon. 

4. An agent as claimed in claim 2 wherein the gas comprises sulphur hexafluoride or a perfluoropropane, perfluorob- 
utane or perfluoropentane. 

5. An agent as claimed in any of the preceding claims comprising gas microbubbles stabilised by a coalescence- 
resistant surface membrane, a filmogenic protein, a polymer material, a non-polymeric and non-polymerisable wall- 
forming material or a surfactant. 

6. An agent as claimed in claim 5 wherein said surfactant comprises at least one phospholipid. 

7. An agent as claimed in claim 6 wherein at least 75% of the said surfactant material comprises phospholipid molecules 
individually bearing net overall charge. 

8. An agent as claimed in claim 7 wherein at least 75% of the film-forming surfactant material comprises one or more 
phospholipids selected from phosphatidylserines, phosphatidylglycerols, phosphatidylinositols, phosphatidic acids 
and cardiolipins. 

9. An agent as claimed in claim 8 wherein at least 80% of said phospholipids comprise phosphatidylserines. 

10. An agent as claimed in any of claims 1 to 9 wherein said gas-containing or gas-generating material further comprises 
moieties capable of binding to a receptor system so as to induce a therapeutic response. 

1 1 . An agent as claimed in any of the preceding claims wherein the vectors are selected from antibodies; cell adhesion 
molecules; cell adhesion molecule receptors; cytokines; growth factors; peptide hormones and pieces thereof; non- 
bioactive binders of receptors for cell adhesion molecules, cytokines, growth factors and peptide hormones; oligo- 
nucleotides and modified oligonucleotides; DNA-binding drugs; protease substrates/inhibitors; molecules generated 
from combinatorial libraries; small bioactive molecules; and proteins and peptides which bind to cell-surface prote- 
oglycans. 
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12. An agent as claimed in any of the preceding claims wherein the vectors have affinity for targets at a level such that 
the agent interacts with but does not fixedly bind to said targets. 

13. An agent as claimed in claim 12 wherein the vectors are selected from ligands for cell adhesion proteins and cell 
adhesion proteins which have corresponding ligands on endothelial cell surfaces. 

14. An agent as claimed in any of the preceding claims wherein the vector or vectors are sited such that they are not 
readily exposed to the target. 

15. An agent as claimed in any of the preceding claims wherein the vectors are coupled or linked to the reporter by 
means of avidin-biotin and/or streptavidin-biotin interactions. 

16. An agent as claimed in any one of claims 1 to 15 wherein the vectors may be covalently or non-covalently coupled 
or linked to the reporter. 

17. An agent as claimed in anyone of claims 1 to 15 wherein the vectors are coupled or linked to the reporter by means 
of electrostatic charge interaction. 

18. An agent as claimed in any of the preceding claims which further contains moieties which are radioactive or are 
effective as X-ray contrast agents, light imaging probes or spin labels. 

19. An agent as claimed in any preceding claim further comprising a therapeutic compound. 

20. An agent as claimed in claim 19 wherein said therapeutic compound is an antineoplastic agent, blood product, 
biological response modifier, antifungal agent, hormone or hormone analogue, vitamin, enzyme, antiallergic agent, 
tissue factor inhibitor, platelet inhibitor, coagulation protein target inhibitor, fibrin formation inhibitor, fibrinolysis 
promoter, antiangiogenic, circulatory drug, metabolic potentiator, antitubercular, antiviral, vasodilator, antibiotic, 
antiinflammatory, antiprotozoan, antirheumatic, narcotic, opiate, cardiac glycoside, neuromuscular blocker, sedative, 
local anaesthetic, general anaesthetic or genetic material. 

21. An agent as claimed in claims 19 or 20 wherein said therapeutic compound is covalently coupled or linked to the 
reporter through disulphide groups. 

22. An agent as claimed in claim 19 or claim 20 wherein a lipophilic or lipophilically-derivatised therapeutic compound 
is linked to the reporter through hydrophobic interactions. 

23. A combined formulation comprising: 

i) a first administrable composition comprising a pre-targeting vector having affinity for a selected target; and 

ii) a second administrable composition comprising an agent as claimed in any of the preceding claims, said 
agent comprising a vector having affinity for said pre-targeting vector. 

24. A combined formulation as claimed in claim 23 wherein said pre-targeting vector comprises a monoclonal antibody. 

25. A combined formulation comprising: 

i) a first administrable composition comprising an agent as claimed in any of claims 1 to 22, and 

ii) a second administrable composition comprising a substance capable of displacing or releasing said agent 
from its target. 

26. A combined formulation comprising: 

i) a first administrable composition comprising an agent as claimed in claim 21 , and 

ii) a second administrable composition comprising a reducing agent capable of reductively cleaving the disulphide 
groups coupling or linking the therapeutic compound and reporter in the agent of said first administrable com- 
position. 

27. A process for the preparation of a targetable diagnostic and/or therapeutically active agent as defined in claim 1 
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which comprises coupling or linking more than one vector to a reporter comprising gas-containing or gas-generating 
material wherein the vectors have affinity for different targets on the same or different cell types. 

28. A process as claimed in claim 27 wherein a therapeutic compound is also combined with the reporter. 

29. An agent as claimed in any of claims 1 to 22 for use as a targetable ultrasound contrast agent. 

30. A method of generating enhanced images of a human or non-human animal body which has been previously 
administered with an agent as claimed in any of claims 1 to 22, which method comprises generating an ultrasound, 
magnetic resonance, X-ray, radiographic or light image of at least a part of said body. 

31. A method as claimed in claim 30 wherein the body has been previously administered with: 

i) a pre-targeting vector having affinity for a selected target; and thereafter 

ii) an agent as claimed in any of claims 1 to 22, said agent comprising a vector having affinity for said pre- 
targeting vector. 

32. A method as claimed in claim 31 wherein said pre-targeting vector comprises a monoclonal antibody. 

33. A method as claimed in claim 31 wherein the body has been previously administered with: 

i) an agent as claimed in any of claims 1 to 1 8; and thereafter 

ii) a substance capable of displacing or releasing said agent from its target. 

34. A method as claimed in any of claims 30 to 33 wherein said agent further comprises a therapeutic compound. 

35. A method as claimed in claim 34 wherein said therapeutic compound is covalently coupled or linked to the reporter 
through disulphide groups, and a composition comprising a reducing agent capable of reductively cleaving said 
disulphide groups is subsequently administered. 

36. A method for in vitro investigation of targeting by an agent as defined in any of claims 1 to 22 wherein cells expressing 
a target are fixedly positioned in a flow chamber, a suspension of said agent in a carrier liquid is passed through 
said chamber, and binding of said agent to said cells is examined. 

37. A method as claimed in claim 36 wherein the flow rate of carrier liquid is controlled to simulate shear rates encountered 
in vivo. 



Patentanspriiche 

1 . Zielbares diagnostisches und/oder therapeutisch wirksames Mittel, umfassend eine Suspension in einer wassrigen 
Tragerflussigkeit eines Reporters, umfassend ein Gas enthaltendes oder Gas erzeugendes Material, wobei der 
Reporter an mehr als einen Vektor konjugiert ist, und wobei die Vektoren eine Affinitat fur verschiedene Ziele auf 
denselben oder verschiedenen Zelltypen besitzen. 

2. Mittel nach Anspruch 1, wobei das Gas umfasst Luft, Stickstoff, Sauerstoff, Kohlendioxid, Wasserstoff, ein inertes 
Gas, Schwefelfluorid, Selenhexafluorid, einen Kohlenwasserstoff eines niedrigen Molekulargewichts, ein Keton, 
einen Ester, einen halogenierten Kohlenwasserstoff eines niedrigen Molekulargewichts oder eine Mischung aus 
beliebigen der vorstehenden Verbindungen. 

3. Mittel nach Anspruch 2, bei dem das Gas perfluoriertes Keton, perfluorierten Ether oder Perfluorkohlenstoff umfasst. 

4. Mittel nach Anspruch 2, bei dem das Gas Schwefelhexafluorid oder ein Perfluorpropan, Perfluorbutan oder Per- 
fluorpentan umfasst. 

5. Mittel nach einem der vorstehenden Anspruche, umfassend Gas-Mikroblasen, die durch eine Koaleszenz-resistente 
Oberflachenmembran, ein Filmbildendes Protein, ein Polymermaterial, ein nicht-polymeres und nichtpolymerisier- 
bares Wand-bildendes Material oder ein oberflachenaktives Mittel stabilisiert sind. 
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6. Mittel nach Anspruch 5, bei dem das oberflachenaktive Mittel mindestens ein Phospholipid umfasst. 

7. Mittel nach Anspruch 6, bei dem mindestens 75% des oberflachenaktiven Materials Phospholipidmolekule umfasst, 
die individuell eine Gesamtnettoladung tragen. 

8. Mittel nach Anspruch 7, bei dem mindestens 75% des Film-bildenden oberflachenaktiven Materials ein oder mehrere 
Phospholipid(e) umfasst, die ausgewahlt sind aus Phosphatidylserinen, Phosphatidylglycerolen, Phosphatidylino- 
sitolen, Phosphatidsauren und Cardiolipinen. 

9. Mittel nach Anspruch 8, bei dem mindestens 80% des Phospholipids Phosphatidylserine umfassen. 

10. Mittel nach einem der Anspruche 1 bis 9, bei dem das Gas-enthaltende oder Gas-erzeugende Material weiter 
Einheiten umfasst, die zum Binden an ein Rezeptorsystem fahig sind, urn eine therapeutische Reaktion zu induzieren. 

11. Mittel nach einem der vorstehenden Anspruche, bei dem die Vektoren ausgewahlt sind aus Antikorpern; Zell-Ad- 
hasions-Molekulen; Zell-Adhasions-Molekulrezeptoren; Cytokinen; Wachstumsfaktoren; Peptidhormonen und Stuk- 
ken davon; nicht-bioaktiven Bindemitteln von Rezeptoren fur Zell-Adhasions-Molekule, Cytokine, Wachstumsfak- 
toren und Peptidhormone; Oligonukleotiden und modifizierten Oligonukleotiden; DNA-bindenden Arzneimitteln; Pro- 
tease-Substraten/lnhibitoren; Molekulen, erzeugtauskombinatorischen Bibliotheken; kleinen, bioaktiven Molekulen; 
und Proteinen und Peptiden, die an Zell-Oberflachen-Proteoglykane binden. 

1 2. Mittel nach einem der vorstehenden Anspruche, bei dem die Vektoren eine Affinitat fur Ziele in einer solchen Starke 
besitzen, dass das Mittel mit den Zielen wechselwirkt, aber sich nicht fest daran bindet. 

13. Mittel nach Anspruch 12, bei dem die Vektoren ausgewahlt sind aus Liganden fur Zell-Adhasions-Proteine und Zell- 
Adhasions-Proteinen, die entsprechende Liganden auf endothelialen Zelloberflachen besitzen. 

1 4. Mittel nach einem der vorstehenden Anspruche, bei dem der Vektor oder die Vektoren derart positioniert sind, dass 
sie nicht einfach dem Ziel ausgesetzt werden. 

15. Mittel nach einem der vorstehenden Anspruche, bei dem die Vektoren an den Reporter mittels Avidin-Biotin- und/ 
oder Streptavidin-Biotin-Wechselwirkungen gekoppelt oder gebunden sind. 

16. Mittel nach einem der Anspruche 1 bis 15, bei dem die Vektoren kovalent oder nicht-kovalent an den Reporter 
gekoppelt oder gebunden sind. 

17. Mittel nach einem der Anspruche 1 bis 15, bei dem die Vektoren an den Reporter mittels elektrostatischer Ladungs- 
Wechselwirkung gekoppelt oder gebunden sind. 

1 8. Mittel nach einem der vorstehenden Anspruche, das weiter Einheiten enthalt, die radioaktiv sind oder als Rontgen- 
Kontrastmittel, Licht-Bildgebungssonden oder Spin-Marker wirksam sind. 

19. Mittel nach einem der vorstehenden Anspruche, weiter umfassend eine therapeutische Verbindung. 

20. Mittel nach Anspruch 1 9, bei dem die therapeutische Verbindung ein antineoplastisches Mittel, Blutprodukt, Immun- 
modulator, Antipilzmittel, Hormon oder Hormon-Analogon, Vitamin, Enzym, antiallergisches Mittel, Gewebefaktor- 
Inhibitor, Blutplattchen-lnhibitor, Koagulationsprotein-Ziel-lnhibitor, Fibrinbildungs-lnhibitor, Fibrinolyse-Promotor, 
antiangiogenes Mittel, Kreislauf-Arzneimittel, metabolischer Verstarker, Antituberkulosemittel, antivirales Mittel, Va- 
sodilatator, antibiotisches Mittel, anti-inflammatorisches Mittel, Antiprotozoen-Mittel, antirheumatisches Mittel, Nar- 
kotikum, Opiat, Herzglykosid, neuromuskularer Blocker, Sedativum, lokales Anasthetikum, allgemeines Anastheti- 
kum oder genetisches Material ist. 

21. Mittel nach Anspruch 19 oder 20, bei dem die therapeutische Verbindung kovalent an den Reporter durch Disul- 
fidgruppen gekoppelt oder gebunden ist. 

22. Mittel nach Anspruch 19 oder 20, bei dem eine lipophile oder lipophil derivatisierte therapeutische Verbindung an 
den Reporter durch hydrophobe Wechselwirkungen gebunden ist. 
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23. Kombinierte Formulierung umfassend: 

i) eine erste verabreichbare Zusammensetzung, umfassend einen Pre-Targeting-Vektor mit einer Affinitat fur 
ein ausgewahltes Ziel; und 

ii) eine zweite verabreichbare Zusammensetzung, umfassend ein Mittel nach einem der vorstehenden Anspru- 
che, wobei das Mittel einen Vektor mit einer Affinitat fur den Pre-Targeting-Vektor umfasst. 

24. Kombinierte Formulierung nach Anspruch 23, bei dem der Pre-Targeting-Vektor einen monoklonalen Antikorper 
umfasst. 

25. Kombinierte Formulierung umfassend: 

i) eine erste verabreichbare Zusammensetzung, umfassend ein Mittel nach einem der Anspruche 1 bis 22, und 

ii) eine zweite verabreichbare Zusammensetzung, umfassend eine Substanz, diezum Entfernenoder Freisetzen 
des Mittels von seinem Ziel fahig ist. 

26. Kombinierte Formulierung, umfassend: 

i) eine erste verabreichbare Zusammensetzung, umfassend ein Mittel nach Anspruch 21 , und 

ii) eine zweite verabreichbare Zusammensetzung, umfassend ein Reduktionsmittel, das fahig ist, die Disul- 
fidgruppen reduktiv zu spalten, die die therapeutische Verbindung und den Reporter in dem Mittel der ersten 
verabreichbaren Zusammensetzung koppeln oder verbinden. 

27. Verfahren zur Herstellung eines zielbaren diagnostischen und/oder therapeutisch wirksamen Mittels nach Anspruch 
1 , das umfasst Koppeln oder Binden von mehr als einen Vektor an einen Reporter, umfassend Gas-enthaltendes 
oder Gas-erzeugendes Material, wobei die Vektoren eine Affinitat fur verschiedene Ziele auf denselben oder ver- 
schiedenen Zelltypen besitzen. 

28. Verfahren nach Anspruch 27, bei dem eine therapeutische Verbindung auch mit dem Reporter kombiniert wird. 

29. Mittel nach einem der Anspruche 1 bis 22 zur Verwendung als ein zielbares Ultraschall-Kontrastmittel. 

30. Verfahren zum Erzeugen verstarkter Bilder eines menschlichen oder nichtmenschlichen tierischen Korpers, dem 
zuvor ein Mittel nach einem der Anspruche 1 bis 22 verabreicht worden ist, wobei das Verfahren umfasst Erzeugen 
eines Ultraschall-, Magnetresonanz-, Rontgenstrahlungs-, radiographischen oder Licht-Bildes mindestens eines 
Teils des Korpers. 

31. Verfahren nach Anspruch 30, bei dem dem Korper zuvor verabreicht worden ist: 

i) ein Pre-Targeting-Vektor mit einer Affinitat fur ein ausgewahltes Ziel; und danach 

ii) ein Mittel nach einem der Anspruche 1 bis 22, wobei das Mittel einen Vektor mit einer Affinitat fur den Pre- 
Targeting-Vektor umfasst. 

32. Verfahren nach Anspruch 31, bei dem der Pre-Targeting-Vektor einen monoklonalen Antikorper umfasst. 

33. Verfahren nach Anspruch 31 , bei dem dem Korper zuvor verabreicht worden ist: 

i) ein Mittel nach einem der Anspruche 1 bis 18; und danach 

ii) eine Substanz, die zum Entfernen oder Freisetzen des Mittels von seinem Ziel fahig ist. 

34. Verfahren nach einem der Anspruche 30 bis 33, bei dem das Mittel weiter eine therapeutische Verbindung umfasst. 

35. Verfahren nach Anspruch 34, bei dem die therapeutische Verbindung kovalent an den Reporter durch Disulfidgrup- 
pen gekoppelt oder gebunden wird, und eine Zusammensetzung, umfassend ein Reduktionsmittel, das zum reduk- 
tiven Spalten der Disulfidgruppen fahig ist, nachfolgend verabreicht wird. 

36. Verfahren fur eine in-vitro-Untersuchung der Zielsteuerung durch ein Mittel nach einem der Anspruche 1 bis 22, bei 
dem Zellen, die ein Ziel exprimieren, fest in einer Flusskammer positioniert sind, eine Suspension des Mittels in 
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einer Tragerflussigkeit durch die Kammer lauft und das Binden des Mittels an die Zellen untersucht wird. 

37. Verfahren nach Anspruch 36, beidemdie FlieGgeschwindigkeitder Tragerflussigkeit geregelt wird, um Scher-Raten 
zu simulieren, die in vivo vorgefunden werden. 



Revendications 

1. Agent de diagnostic et/ou therapeutiquement actif pouvant etre cible comprenant une suspension dans un liquide 
support aqueux d'un reporteur comprenant un materiau contenant un gaz ou produisant un gaz, ledit reporteur etant 
conjugue a plus d'un vecteur, les vecteurs presentant une infinite pour differentes cibles sur le meme type de cellules 
ou sur differents types de cellules. 

2. Agent selon la revendication 1, dans lequel le gaz comprend I'air, I'azote, I'oxygene, le dioxyde de carbone, I'hy- 
drogene, un gaz inerte, un fluorure de souffre, un hexafluorure de selenium, un hydrocarbure de faible poids mo- 
leculaire, une cetone, un ester, un hydrocarbure de faible poids moleculaire halogene ou un melange de I'un quel- 
conque des precedents. 

3. Agent selon la revendication 2, dans lequel le gaz comprend une cetone perfluoree, un ether perfluore ou un 
perfluorocarbone. 

4. Agent selon la revendication 2, dans lequel le gaz comprend un hexafluorure de souffre ou un perfluoropropane, 
un perfluorobutane ou un perfluoropentane. 

5. Agent selon Tune quelconque des revendications precedentes, comprenant des microbulles de gaz stabilisees par 
une membrane de surface resistant la coalescence, une proteine filmogene, un materiau polymere, un materiau de 
formation de paroi non polymere et ne pouvant polymeriser ou un surfactant. 

6. Agent selon la revendication 5, dans lequel ledit surfactant comprend au moins un phospholipide. 

7. Agent selon la revendication 6, dans lequel au moins 75 % dudit materiau surfactant comprend des molecules de 
phospholipides portant individuellement une charge globale nette. 

8. Agent selon la revendication 7, dans lequel au moins 75 % du materiau surfactant de formation de film comprend 
un ou plusieurs phospholipides selectionnes a partir de phosphatidylserines, de phosphatidylglycerols, de phos- 
phatidylinositols, d'acides phosphatidiques etde cardiolipines. 

9. Agent selon la revendication 8, dans lequel au moins 80 % desdits phospholipides comprennent des phosphatidyl- 
serines. 

10. Agent selon Tune quelconque des revendications 1 a 9, dans lequel ledit materiau contenant du gaz ou produisant 
du gaz comprend, en outre, des fractions pouvant se lier a un systeme de recepteur de maniere a induire une 
reponse therapeutique. 

11. Agent selon Tune quelconque des revendications precedentes, dans lequel les vecteurs sont selectionnes a partir 
d'anticorps ; de molecules d'adhesion de cellules, de recepteurs de molecules d'adhesion de cellules ; de cytokines, 
de facteurs de croissance, d'hormones peptides et parties de ceux-ci ; de Hants non bioactifs de recepteurs pour 
molecules d'adhesion de cellules, cytokines, facteurs de croissance et hormones peptides ; d'oligonucleotides et 
oligonucleotides modifies ; de medicaments de liaison d'ADN ; des proteases substrats inhibiteurs; de molecules 
produites a partir de librairies de combinaison ; de petites molecules bioactives ; et de proteines et peptides qui se 
lient a des proteoglycanes de surface de cellule. 

1 2. Agent selon I'une quelconque des revendications precedentes, dans lequel les vecteurs presentent une affinite pour 
des cibles a un niveau tel que I'agent reagit avec lesdites cibles mais ne se lie pas de maniere permanente acelles-ci. 

13. Agent selon la revendication 12, dans lequel les vecteurs sont selectionnes a partir de ligand pour proteines d'ad- 
hesion de cellules et de proteines d'adhesion de cellules qui comportent des ligands correspondant sur des surfaces 
de cellules endotheliales. 
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14. Agent selon Tune quelconque des revendications precedentes, dans lequel le vecteur ou les vecteurs sont situes 
de telle sorte qu'ils ne sont pas facilement exposes a la cible. 

15. Agent selon Tune quelconque des revendications precedentes, dans lequel les vecteurs sont couples ou lies a un 
reporteur au moyen d'interactions avidine-biotine et/ou streptavidine-biotine. 

16. Agent selon Tune quelconque des revendications 1 a 15, dans lequel les vecteurs peuvent etre couples ou lies de 
maniere covalente ou non covalente au reporteur. 

1 7. Agent selon Tune quelconque des revendications 1 a 1 5, dans lequel les vecteurs sont couples ou lies au reporteur 
au moyen d'une interaction de charge electrostatique. 

1 8. Agent selon Tune quelconque des revendications precedentes, qui contient, en outre, des fractions qui sont radioac- 
tives ou sont efficaces en tant qu'agents de contraste de radiographie, sondes d'imagerie optique ou marqueurs 
de spin. 

19. Agent selon Tune quelconque des revendications precedentes, comprenant, en outre, un compose therapeutique. 

20. Agent selon la revendication 1 9, dans lequel ledit compose therapeutique est un agent antineoplastique, un produit 
sanguin, un modificateur de reponse biologique, un agent antifongique, une hormone ou un analogue d'hormone, 
une vitamine, une enzyme, un agent anti-allergique, un inhibiteur de facteur de tissu, un inhibiteur de plaquette, un 
inhibiteur de cible de proteine de coagulation, un inhibiteur de formation de fibrine, un agent promoteur de fibrinolyse, 
un anti-angiogene, un medicament circulatoire, un potentialisateur metabolique, un antituberculeux, un antiviral, un 
vasodilatateur, un antibiotique, un anti-inflammatoire, un antiprotozoaire, un antirhumatique, un narcotique, opiat, 
un glycoside cardiaque, un bloqueur neuromusculaire, un sedatif, un anesthesique local, un anesthesique general 
ou un materiel genetique. 

21. Agent selon la revendication 19 ou 20, dans lequel ledit compose therapeutique est couple ou lie de maniere 
covalente au reporteur par I'intermediaire de groupes bisulfures. 

22. Agent selon la revendication 19 ou la revendication 20, dans lequel un compose therapeutique lipophile ou derive 
de maniere lipophile est lie au reporteur par I'intermediaire d'interactions hydrophobes. 

23. Formulation melangee comprenant : 

i) une premiere composition pouvant etre administree comprenant un vecteur de pre-ciblage presentant une 
affinite pour une cible selectionnee ; et 

ii) une seconde composition pouvant etre administree comprenant un agent selon Tune quelconque des reven- 
dications precedentes, ledit agent comprenant un vecteur presentant une certaine affinite pour ledit vecteur de 
pre-ciblage. 

24. Formulation melangee selon la revendication 23, dans lequel ledit vecteur de pre-ciblage comprend un anticorps 
monoclonal. 

25. Formulation melangee comprenant : 

i) une premiere composition pouvant etre administree comprenant un agent selon Tune quelconque des reven- 
dications 1 a 22, et 

ii) une seconde composition pouvant etre administree comprenant une substance pouvant deplacer ou liberer 
ledit agent par rapport a sa cible. 

26. Formulation melangee comprenant : 

i) une premiere composition pouvant etre administree comprenant un agent selon la revendication 21 , et 

ii) une seconde composition pouvant etre administree comprenant un agent de reduction pouvant diver de 
maniere reductrice les groupes bisulfures couplant ou liant le compose therapeutique et le reporteur dans I'agent 
de ladite premiere composition pouvant etre administree. 
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27. Procede de preparation d'un agent de diagnostic pouvant etre cible et/ou therapeutiquement actif, selon la reven- 
dication 1, qui comprend le couplage ou la liaison de plus d'un vecteur a un reporteur comprenant un materiau 
contenant un gaz ou produisant du gaz dans lequel les vecteurs presentent une affinite pour differentes cibles sur 
le meme type de cellule ou des types de cellules differents. 

28. Procede selon la revendication 27, dans lequel un compose therapeutique est aussi melange au reporteur. 

29. Procede selon Tune quelconque des revendications 1 a 22, destine a etre utilise en tant qu'agent de contraste pour 
ultrason pouvant etre cible. 

30. Procede de production d'images ameliorees d'un corps animal, humain ou non humain auquel a ete administre 
prealablement un agent selon I'une quelconque des revendications 1 a 22, lequel procede comprend la production 
d'une image par ultrason, par resonance magnetique, par rayon X, radiographique ou optique d'au moins une partie 
dudit corps. 

31. Procede selon la revendication 30, dans lequel il a ete administre prealablement au corps : 

i) un vecteur de pre-ciblage presentant une affinite pour une cible selectionnee ; et apres cela 

ii) un agent selon I'une quelconque des revendications 1 a 22, ledit agent comprenant un vecteur presentant 
une affinite pour ledit vecteur de pre-ciblage. 

32. Procede selon la revendication 31, dans lequel ledit vecteur de pre-ciblage comprend un anticorps monoclonal. 

33. Procede selon la revendication 31, dans lequel il a ete administre prealablement au corps : 

i) un agent selon I'une quelconque des revendications 1 a 18 ; et apres cela 

ii) une substance pouvant deplacer ou liberer ledit agent par rapport a sa cible. 

34. Procede selon I'une quelconque des revendications 30 a 33, dans lequel ledit agent comprend, en outre, un compose 
therapeutique. 

35. Procede selon la revendication 34, dans lequel ledit compose therapeutique est couple de maniere covalente ou 
lie au reporteur par I'intermediaire de groupes bisulfures et une composition comprenant un agent reducteur pouvant 
assurer le clivage reducteur desdits groupes bisulfures est administre de maniere consecutive. 

36. Procede d'investigation in vitro du ciblage par un agent selon I'une quelconque des revendications 1 a 22, dans 
lequel des cellules exprimant une cible sont positionnees a demeure dans une chambre d'ecoulement, une sus- 
pension dudit agent sur un liquide porteur est passee a travers ladite chambre, et la liaison dudit agent auxdites 
cellules est examinee. 

37. Procede selon la revendication 36, dans lequel le debit de liquide porteur est commande afin de simuler des taux 
de cisaillement rencontres in vivo. 
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